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Abstract 
Introduction: This study measured and described the tendon to muscle length ratios 
(TMRs) of the external oblique (EO), internal oblique (IO), rectus abdominus (RA), and 
transverse abdominus (TrA) muscles in humans and rats. Methods: The abdominal muscles 
of human and rat specimens were dissected and the length of the muscle fibers from their 
posterior attachments to the lumbodorsal fascia or the rib cage, and the lengths of their 
tendons, were measured. The tendon length was divided by muscle fiber length to calculate 
the TMR. Results: The TMRs for the human EO, IO, and TrA muscles were significantly 
larger than the rats (twice as large), but considerably smaller than muscles from the limbs. 
Significant regional differences within the human EO, IO, and TrA muscles were also 
observed. Conclusions: There are meaningful differences in musculotendinous architecture 
of rat and human abdominal muscles. This provides additional evidence of the uniqueness of 
these muscles. 
Keywords: tendon, muscle, abdominal wall, tendon to muscle length ratio, cadaver, rat, 
anatomy  
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1 Introduction 
They are arguably the most regularly used, underrated and misunderstood muscle 
group in the human body. Frequently referred to as the “six pack”, the human abdominal 
wall consists of four unique muscles that generate force to stabilize and produce 
movement of the spinal column (Brown et al. 2011). Each muscle possesses several 
attachments, spanning the thorax, abdomen and pelvis. When active, they can perform 
multiple actions including trunk flexion, lateral bending and twisting (McGill et al. 
1986), and intra-abdominal cavity pressurization during tasks such as the Valsalva 
manoeuvre (Cholewicki et al. 1999). The forces produced by the abdominals play a 
significant role in spine stability (Reeves et al. 2007) and movement during functional 
tasks (Urquhart et al. 2005).  
Forces generated by each abdominal muscle are applied to the skeleton or to the linea 
alba and generate moments at the spine. Factors that influence these moments such as 
muscle fiber length, power, and velocity may be impacted by the material properties of 
muscle tendon. The maximum muscle fiber excursion (and shortening velocity) is 
directly proportional to the muscle fiber length, and the maximum force is proportional to 
the physiological cross-sectional area (Gregor 1993, Lieber & Friden 2000). Factors such 
as muscle power can be strongly influenced by the tendon as recoil of a stretched tendon 
is faster than muscle fiber shortening (Zajac 1989). Therefore, these features are directly 
relevant to the muscle structure-function relationship. In terms of the muscle fibers, the 
relationships between muscle fiber length and function have been recently studied in the 
muscles of the pelvic floor (Tuttle et al. 2014). They observed a large difference in 
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muscle fiber lengths between the coccygeus, iliococcygeus, and pubovisceral muscles, 
and have identified important structure-function relationships such as the stabilizing role 
of coccygeus (short muscle fibers) compared to the excursion-related role of the 
pubovisceral muscles (longest fibers). These issues have also been evaluated to compare 
the function of other muscles including the extensors versus flexors in cat hind limb 
muscles (Sacks & Roy 1982). 
The contribution of muscle fibers is confounded within whole muscles by other 
elements of muscle architecture such as the relative length of the tendon, physiological 
cross-sectional area and pennation angle (Lieber & Friden 2000). For example, an 
increase in tendon length will decrease the maximum shortening velocity of the 
muscle/tendon unit as it effectively decreases the length of the muscle fibers. Such effects 
could vary greatly between each of the abdominal muscles, and within different regions 
of the muscles, which would subsequently affect different areas of the spine (Brown et al. 
2011).  
In addition to maximal contraction velocity, maximal force in isometric and 
concentric contractions is also directly related to tendon properties such as length and 
stiffness. Research has identified a positive correlation between the power, velocity and 
force of a muscle in relation to its tendon-aponeurosis characteristics during squat jumps 
(Bojsen-Møller et al. 2005). More specifically, they determined that the tendon accounts 
for up to 30% of the variance in the rate of torque development of the vastus lateralis 
muscle (Bojsen-Møller et al. 2005), which has a long tendon.  Conversely, the 
mechanical characteristics of the tendon have different implications in tendons that are 
short. For example, research that investigated muscles with short tendons at the hip (Hoy 
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et al. 1990) and pelvis (Tuttle et al. 2014) suggests that muscle excursion plays a more 
important role in these muscles.  
Unlike other muscle tendon complexes, the anterior abdominal wall is composed of a 
rectus sheath that is formed by the tendon/aponeuroses of the external oblique (EO), 
internal oblique (IO) and transverse abdominus (TrA) muscles. Research has shown that 
the fascial connections between muscles may transmit force between them (Huijing 
2003), which has been termed myofascial force transmission. The possibility of 
myofascial force transmission in the abdominal muscles has been investigated in humans 
using ultrasound (Hodges et al. 2003) and in vitro experiments in rats (Brown & McGill 
2009). Given the complexity of this tendon architecture and muscle arrangement, it is 
uncertain how abdominal muscle tendons function, and if they are comparable to the 
vastus lateralis with a relatively long tendon, or to hip/pelvis muscles with short tendons. 
The posterior abdominal wall is composed of a layered ligamentous structure termed 
the lumbodorsal fascia (LDF) which is attached to the vertebral spinous processes, lower 
angles of the ribs, and pelvis (Netter 2011). It serves as an insertion for specific muscles 
such as the IO, TrA, and latissimus dorsi in addition to contributing to mechanics and 
movement at the level of the spine (McGill & Norman 1988, Gracovetsky et al. 1989). 
Some early models predicted that tension in the LDF via contraction of the abdominal 
muscles produced large extensor moments (Gracovetsky et al. 1985); however, models 
with more anatomical detail have indicated that activation of either the latissimus dorsi or 
the abdominal muscles does not generate appreciable spinal extensor moments (McGill & 
Norman 1988). More recent research modeling the LDF under various tensile loads 
indicates that it can produce spine flexion and extension moments; the abdominal 
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muscles attaching to the LDF (IO and TrA) are predicted to contribute to extension 
moments at the lower lumbar levels (up to 10 Nm), and small flexion moments at the 
middle lumbar levels (up to 2 Nm; Gatton et al. 2010). These moment contributions are 
negligible in compared to the peak extensor moments during lifting (between 300 and 
500 Nm depending on the weight lifted; McGill and Norman, 1986). Recent in vitro 
research looking at the load, displacement, and stiffness associated with fascial tension of 
the LDF found that it provides a means for force transmission between the TrA muscle 
and lumbar vertebrae (Barker et al. 2006). It is uncertain what magnitude of effect the 
LDF might have on abdominal wall mechanics compared to the aponeuroses spanning the 
anterior abdominal wall.  
In an effort to better understand the implications of these muscle properties, an 
appropriate representation of the human abdominal wall is necessary. A suitable animal 
model of the abdominal muscles for humans would not only increase the ease and 
accessibility of this model, but would also permit invasive measurements and various 
controlled experiments that could not be ethically performed on humans (O’Connell et al. 
2007). The Sprague-Dawley rat has been presented as a model for the human abdominal 
wall muscles (Brown et al. 2010, Brown & McGill 2009). Results supported their 
suitability for modeling human abdominal muscle properties such as physiological cross 
sectional area (PCSA), sarcomere lengths, and fascicle lengths, especially in the upper 
and middle abdominal wall regions (Brown et al. 2010). However, these studies did not 
consider tendon properties such as slack length, compliance, or stiffness.  
The impact of the tendon for each region of the anterior abdominal wall may provide 
valuable insight and improve our understanding of the abdominal wall muscles’ influence 
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on spine function. The current study will measure the relative tendon slack length to 
muscle fiber length ratios (TMR) of each abdominal muscle in hopes of gaining insight 
into the function of the abdominal wall muscles, and its impact on the many muscle 
properties that it may influence. 
2 Literature Review 
The intent of this study is to measure the tendon to muscle lengths ratios of the 
abdominal muscles in humans and rats to assess their potential impact on lumbar spine 
function, and further evaluate the appropriateness of the rat as an animal model for the 
human abdominal wall. This literature review will bring forth research investigating the 
structure and biomechanical influence of mammalian skeletal muscle tendon with regards 
to power, velocity and force transmission. The anatomy of both the human and rat 
abdominal wall muscles will also be presented, in addition to previous animal models 
used to represent the human abdominal wall. 
2.1 Structural composition of muscle tendon 
 Mammalian muscle tendon is a fiber composite material, built as a series of many 
tightly packed collagen fibrils, in the form of fascicles, running parallel to one another 
(Hulmes 2002); it connects skeletal muscle to the skeleton. This connection allows 
tendons to transfer forces during muscle contractions, and contribute to joint stability. 
Tendons can also play a role applying passive forces, like ligaments, in special cases 
where the fibers are arranged appropriately (Birch et al. 2013, Huijing 2013). The unique 
wave-like appearance of tendon fibrils (Figure 1) results in the increasing stiffness that is 
observed at low tensions (Zajac 1989).  
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Figure 1: Microscopic view of mammalian muscle tendon indicating its “wavelike” 
appearance. Adapted from: http://faculty.une.edu/com/abell/histo/histolab2.htm 
Longer tendons, such as those of gastrocnemius and soleus, have an important 
role storing and returning energy (Alexander & Vernon 1975A) and possess tendon 
fascicles that are twisted or helical in nature (Thorpe et al. 2013); this arrangement may 
be beneficial for providing spring-like behavior (Birch et al. 2013). These energy storing 
tendons rely on sliding between collagen fibrils and are more compliant. A recent review 
reports that positional tendons tend to possess a greater stiffness and are consequently 
less compliant (Birch et al. 2013). It is likely that these less compliant tendons may play a 
larger role in support, performance and movement (Zajac 1989). 
2.2 Biomechanical properties of skeletal muscle and 
tendon  
From a biomechanical perspective, muscle and tendon function together as a single 
musculotendinous actuator (Zajac 1989). The actuator’s ability to generate force is 
affected by its length and contraction velocity, which depend on the position and motion 
of the body segments (Zajac 1989). The properties of a musculotendon actuator are 
influenced by the ratio of tendon slack length to muscle fiber length (TMR), which can be 
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obtained by measuring a muscle fiber length and its origin to insertion distance. Since 
muscle fiber length is rarely measured directly, the length value that is often used 
comprises of both the length of the muscle fiber and its respective tendon (Zajac 1989). 
This leads to the broad assumption that changes in muscle fiber length mimic changes in 
musculotendon length, which is not valid if the tendon is compliant (Zajac 1989). 
Specific TMRs of various lower limb muscles have been reported in previous studies. 
Plantar flexors such as the soleus, gastrocnemius have TMRs of 11 and 9 respectively in 
humans (Bobbert et al. 1986), and 2 and 5 respectively in cats (Rack & Westbury 1984). 
Dorsiflexors, such as the tibialis anterior, have TMRs between 2 and 3 in humans 
(Alexander & Vernon 1975A). Specific quadriceps muscles have TMRs between 3 and 5 
in humans (Wickiewicz et al. 1983), whereas the hamstring muscles have TMRs between 
2 and 7 in humans (Wickiewicz et al. 1983) and TMRs between 1 and 2 in cats (Sacks & 
Roy 1982). The proximal hip muscles in humans have small TMR values, with an 
average TMR of 0.2 in humans (Hoy et al. 1990), and 1 in cats (Roy et al. 1983 as cited 
in Zajac et al. 1989). It is uncertain what the specific values of the human and rat 
abdominal muscle TMR values will be, and how they will compare to the TMRs 
previously reported for the lower limb muscles.  
A number of measuring techniques have been used to quantify the biomechanical 
properties and capabilities of muscle tendon (Proske & Morgan 1987). Previous research 
studying tendon compliance in vivo has relied heavily on the use of strain gauges or 
transducers that are either physically attached to, or implanted within, the tendon (Bey & 
Derwin 2012). These transducers have been widely used to measure forces and strains, 
particular for the Achilles tendon (Komi 1990), during many functional tasks.  
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Radiographic markers have also been widely used to track implanted markers within 
a tendon (Selvik 1989), and characterize tendon function. Radiography has also been 
combined with other techniques to measure tendon deformation under various conditions. 
For example, research has used roentgen stereophotogrammetric analysis (RSA) to 
examine in vivo soft tissue deformation in canine tendons (Bey et al. 2011).  
Recently, ultrasound has been used to non-invasively quantify tendon deformation 
and strain (Bey & Derwin 2012). This technique has many advantages including the 
ability to acquire images dynamically, its relatively low cost to perform, and the absence 
of major side effects (Bey & Derwin 2012). Studies characterizing in vivo function of the 
Achilles tendon (Arampatzis et al. 2010, Gerus et al. 2011), quadriceps and patellar 
tendon (Hansen et al. 2006, O’Brien et al. 2010), and tibilais anterior tendon (Farron et al. 
2009) have opted for the ultrasonic, non-invasive approach. Unfortunately, the in vivo 
accuracy of this technique is relatively unknown which may cause experimental error that 
has yet to be assessed (Bey & Derwin 2012). 
2.3 The contribution of tendon to muscle stiffness and 
force transmission 
Previous work has revealed the influence of tendon stiffness in various mammalian 
muscles (Alexander & Vernon 1975A). These differences, examined in the kangaroo 
gastrocnemius (Alexander & Vernon 1975B), revealed that tendons which are much 
longer than their respective contractile fibers possess a greater capacity for storing energy 
in a muscle (Zajac 1989). These energy storing tendons undergo larger strains than their 
positional tendon counterparts; for example, 16.6% in the equine superficial digital flexor 
tendon during galloping (energy storing tendon; Stephens et al. 1989) versus 3% in the 
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equine common digital extensor tendon (positional tendon; Birch 2007). This stored 
(elastic) energy is transmitted by the tendon in the form of mechanical energy, and has 
also been observed in humans and kangaroos (Alexander 1984). If the loading and 
unloading occur at an appropriate frequency, then this mechanism of energy storage and 
return is efficient (Litchwark & Barclay 2010). This mechanism may aid kangaroos 
during hopping, and humans during running (Ker et al. 1987), due to its efficiency. 
Additional research has measured specific TMRs of the lower limb muscles in 
humans (Huijing 1985, Bobbert et al. 1986) and cats (Walmsley & Proske 1981, Sacks & 
Roy 1982).  Humans possess a greater TMR than cats for most of the lower appendicular 
muscles. In cats, these ratios suggest that velocity and displacement are more important 
for the hamstring muscles (Sacks & Roy 1982), where force is a priority for humans 
(Bobbert et al. 1986). Given the potential differences in TMR, the mechanics of the 
abdominal muscles may be different than the appendicular muscles. Additionally, the 
tightly packed nature of this group of muscles (Brown & McGill 2009) may have some 
particular function through myofascial force transmission between adjacent muscles 
(Huijing 2003). Predicting how these forces are influenced by abdominal muscle tendon 
length would shed light on differences between the abdominal wall muscles and 
appendicular muscles. 
2.4 Anatomy of the human abdominal muscles 
The human abdominal wall consists of four muscles that are capable of 
independently functioning to exert forces about the spinal column (Floyd & Silver 1950). 
External oblique (EO), the most superficial of the abdominal wall muscles, attaches to the 
iliac crest, pubic tubercle, and muscular intersections with latissimus dorsi and serratus 
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anterior (Netter 2011). It spans medially over the RA muscle and IO tendon, completing 
its attachment onto the linea alba, symphysis pubis and 2 cm inferior to xiphoid process 
(Netter 2011; Figure 2). The muscle and tendon fascicles run obliquely starting from the 
superior lateral portion of the abdomen, and following an inferomedial direction towards 
the linea alba (Urquart et al. 2005). Because of this orientation, the EO’s main functions 
in the human are to pull the thorax inferiorly and compress the abdominal cavity; 
however, it also assists in left and right axial rotation, and side-bending of the trunk 
(Brown et al. 2011). In addition, it also plays an important role in respiration (Campbell 
1952). 
Internal Oblique (IO), the first muscle deep to EO, inserts onto ribs 10-12, the 
iliac crest and linea alba (Netter 2011). It wraps around the torso and attaches to the 
lumbodorsal fascia spanning the posterior region of the lumbar spine (Figure 2). The 
fascicles of IO radiate superomedially and inferomedially from the iliac crest, across the 
abdominal wall, and attaching onto the linea alba (Urquart et al. 2005). The IO acts as an 
antagonist muscle to the diaphragm in helping to reduce the volume of the thoracic cavity 
during forced expiration (Campbell 1952). Additionally, it plays an important role in both 
trunk external and internal rotation, and side-bending of the trunk (Brown et al. 2011).  
 Figure 2: Superficial view 
Adapted from Ross, J. (2011)
Rectus Abdominus (RA) is perhaps the most unique of the abdominal wall 
muscles in regards to its structural 
intersections throughout the belly of the muscle (
the tendon of EO and IO, it attaches to both the xiphoid process and lower 
extends inferiorly across the abdomen, and terminates at symphysis pubis. RA’s main 
function is to flex the lumbar spine.
The deepest layer of the abdom
attaches to the anterior pelvis and rib cage and originates in the same spot as IO
continues its path all the way up the rib cage
fascicles varies between r
increasingly inferomedial in the middle and lower regions of the muscle (Urquart et al
2005). Individually, TrA helps to compress the ribs and abdominal cavity, 
thoracic and pelvic stability
 
of the EO (right) and IO (left) muscles in the human.
  
arrangement. It contains several tendinous 
Netter 2011; Figure 3). Located deep to 
 
inal wall muscles, Transverse Abdominus (TrA), 
 (Netter 2011). The orientation of the TrA 
egions, starting horizontally in the upper region, and becom
 (Hodges et al. 2003). Some studies suggest that the 
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two ribs, 
, except it 
ing 
. 
and it provides 
TrA acts 
 as a biological stability belt 
Richardson et al. 2002).  
Figure 3: RA (left) and TrA
http://www.easyvigour.net.nz/fitness/hpilatesintro1_2.htm
 Differences in TMR
IO and EO should be consider
abdominal wall. Considering
performing various types of movement
2.5 Anatomy of the rat abdominal muscles
The rat abdominal wall muscles are 
many of the same muscular attachments. The
the twelfth ribs, muscular intersections of the serratus 
fascia; it passes ventrally and pos
the body of the pubis, symphysis pubis
tendon fascicles run almost 
which may help provide relief from back pain (
 
 (right) muscles in the human. Adapted from 
 
 within the specific regions of various muscles such as TrA 
ed when developing an accurate representation
 that each muscle is structurally unique and 
, it is likely that their TMRs will vary
 
structurally similar to the human and possess 
 rat EO muscle attaches from the fourth to 
anterior muscle, and lumb
teriorly, inserting mainly on the iliac crest
 and linea alba (Greene 1935). The muscle and 
vertically across the ventral and dorsal side of the abdomen 
12 
for example 
 of the 
capable of 
. 
odorsal 
, in addition to 
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and thorax. The IO muscle, which is difficult to distinguish from the TrA muscle beneath 
it, arises from the lumbodorsal fascia and the iliac crest; it extends ventroanteriorly and 
inserts into the cartilage of the false ribs and linea alba through to the symphysis pubis 
(Greene 1935).  Muscle and tendon fascicles run in a similar direction to the human; 
superomedially and inferomedially from the iliac crest (Figure 4). EO plays an important 
role in the expiratory phase of respiration, particularly during development (Watchko et 
al. 1992). However both the EO and IO play a key role during locomotion as they are 
activated phasically during contralateral hindlimb stance (Reilly et al. 2009). 
The RA muscle is comparable to humans, extending the whole length of the ventral 
surface of the abdomen from symphysis pubis, to the anterior end of the sternum; it 
inserts into the first rib, medial third of the clavicle and the manubrium (Greene 1935). 
The TrA muscle arises from the same attachments as IO in addition to the inner surfaces 
of the posterior ribs; it then inserts into the linea alba by an aponeurosis passing beneath 
the RA muscle (Greene 1935). Both the TrA and RA play an important role during the 
expiration phase of respiration in rats (Reilly et al. 2009). 
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Figure 4: Direction of the EO, IO, and TrA muscle fibers in the rat. Reprinted from 
Brown et al. 2010 with permission; see Appendices. 
2.6 Animal modeling of the human abdominal muscles 
To help answer specific questions regarding the mechanical function of the 
abdominal muscles, both individually and as an integrated whole, a valid animal model 
needs to be established. With reference to the abdominal wall muscles, numerous 
mammals including the dog, rabbit and hamster have been examined to measure 
abdominal wall characteristics (Arnold et al. 1987, Hwang et al. 2005, Nilsson 1982). 
Rats have also been studied to evaluate the transmission of force between abdominal 
muscle layers (Brown & McGill, 2009), as well as the formation, repair and atrophic 
effects of abdominal hernias (DuBay et al. 2005, 2007).  
More recently, the Sprague-Dawley rat has been compared to the human with regards 
to physiological cross-sectional area (PCSA) and normalized fascicle length (Brown et al. 
2012) which are both relevant to the force producing and excursion capabilities of a 
muscle (Lieber & Friden 2000).  It was discovered that the PCSAs of the rat abdominal 
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muscles demonstrate a similar relationship between the four abdominal muscles to 
humans (Brown et al. 2010). Supplementary findings included that the relative size of the 
human IO muscle was much larger than the rat muscle (Brown et al. 2010).  
Sarcomere lengths were also measured; they report that all four abdominal muscles in 
humans and rats were comparable (Brown et al. 2010). Although these studies document 
similarities between sarcomere length and PCSA, this does not necessarily indicate that 
TMRs are going to be similar as well. It is important to compare rat TMRs to human 
TMRs in order to evaluate the suitability of the rat as an animal model for the human 
abdominal muscle function. The current study will describe these ratios in detail in both 
the human and rat specimens in hopes of better understanding their similarities, and 
developing our understanding of abdominal muscle function. 
2.7 Goal/Purpose/Hypothesis 
2.7.1 Goal 
The goal of this study was to measure the TMR’s for each region of the human and 
rat abdominal wall muscles. 
2.7.2 Purpose 
Establishing the TMR’s for each region of the abdominal muscles will enable a better 
understanding of the mechanical function of the abdominal muscles in the various regions 
of the wall. This will provide supplementary evidence regarding their specialization. 
Additionally, TMRs obtained for the rat may strengthen its suitability as an appropriate 
animal model for the abdominal wall. Results obtained will hopefully support tendon 
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length as an important factor to consider when modeling force transmission and muscle 
stiffness throughout the human abdominal wall. 
2.7.3 Hypothesis 
It is hypothesized that: 
(1) Human abdominal TMRs will be significantly different in various regions of each 
muscle. 
(2) Rat TMRs will resemble the human TMRs for each abdominal muscle. 
3 Methods 
3.1 Specimen preparation & dissection 
Eight male cadavers aged between 53 and 95 years were generously donated for 
use in this study. All specimens died of natural causes and none suffered from any falls, 
diseases or injuries that affected their spinal or abdominal regions. All specimens were 
embalmed using standard procedures, and positioned in a neutral spine posture. With the 
specimens in a supine position, incisions were made along the linea alba, 4th rib, 
symphysis pubis and iliac crest; the skin was reflected laterally to expose the EO muscle 
fibers and tendon (Figure 5). 
   
Figure 5: View of the abdomen and chest with the skin reflected to expose the 
underlying external oblique muscle. The image extends from the symphysis
(bottom) to the axillas (upper). The blue dashed line reflects the mid
Pins used to mark relevant bony landmarks are circled in red.
permission; see Appendices
Overlying fascia, fat and connective tissue were rem
tendon fibers could be observed. This process was repeated for each of the eight 
specimens and three dimensional points for each region were measured using the protocol 
outlined in section 3.2. Upon completing the measurements, an i
through the EO tendon, 2
was reflected laterally. The IO was then exposed and overlying tissues including fascia, 
fat and connective tissue were removed. This was repeated for all e
the points along the muscle and tendon fibers of IO were measured (section 3.2). 
Incisions along the linea alba, lower costal margin and iliac crest were made and IO 
muscle was reflected laterally to reveal the RA.  Points along the musc
fibers of RA were measured using a protocol separate from, but 
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deeper incision through the RA muscle was then performed perpendicular to the linea 
alba along the xiphoid process and costal margin. RA was reflected inferiorly until the 
arcuate line exposing the TrA muscle. The points along the TrA muscle and tendon fibers 
were measured using the same measurement protocol as was done for EO and IO.  
In addition to the human specimens, seven male Wistar rats approximately 8 
months of age were used for this study. Each rat weighed between 700 and 800g. They 
were all first perfused with saline, followed by 4% Paraformaldehyde. Initial incisions 
were made down the linea alba and then perpendicularly across their abdomen, thorax 
and thigh. Skin was reflected laterally, exposing the tendon and muscle of the EO. After 
removal of overlying fascia, fat and connective tissue, points along the EO muscle and 
tendon were measured using the same protocol as the human specimens. EO was then 
reflected laterally exposing the fibers of IO. Points along the IO muscle and tendon were 
measured using the same protocol as was done for EO. A deeper incision through the RA 
muscle perpendicular to the linea alba was made and RA was reflected inferiorly. 
Overlying tissues around the TrA muscle were removed (Figure 6) and points along the 
muscle and tendon were measured using the same protocol as was done for EO and IO. 
This process was then repeated for the remaining six rat specimens. 
 Figure 6: Lateral view of the rat 
reflected to expose the fibers of the TrA muscle. The image extends from the 
symphysis pubis (bottom
axillary plane used to mark relevant bony landmarks at the 
(top), which are marked with stars.
Appendices. 
3.2 Tendon and 
Anatomical landmarks were marked with pins as reference points for both human 
and rat specimens. In humans, the xiphoid process, symph
iliac spine (ASIS), and the pelvis and 7
selected; rats were assigned the same landmarks with pins excluding ASIS
intersection; instead, the ASIS was omitted and the
and the thigh replaced the pelvis
landmarks were used to establish an orientation of the fibers. Six regions were defined for 
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the EO, IO and TrA muscles in both humans (Figure 7) and rats (Figure 8) relative to the 
fiber orientation, medial and lateral borders, and attachments of each muscle. For the 
human RA muscle, three regions across the muscle were defined based on the same 
factors as the previous three muscles and measured in a similar fashion to the EO, IO and 
TrA muscles (Figure 9). Measurements of EO, IO and TrA in both human and rat 
specimens were completed by measuring a single muscle fiber from each of the six 
regions. Six pins were evenly spread and inserted along the linea alba with each pin 
representing a fiber starting point for each region. A series of nine evenly distributed, 
three dimensional co-ordinates along each musculotendinous fiber were recorded starting 
from the linea alba, and ending at its respective insertion on the posterior/lateral side of 
the abdomen using a portable three dimensional digitizer (MicroScribe G2X - Revware 
Inc, Raleigh, North Carolina) with a reported point accuracy error of 0.23 mm 
(Immersion Corp, 2013). Points 1-4 were located between the linea alba and the junction 
between the tendon and muscle, point 5 represented the muscle/tendon junction and 
points 6-9 were located between the muscle/tendon junction and the muscle insertion 
(Figure 10). For the RA muscle, fourteen points were recorded from the thorax to the 
pelvis for a single representative fiber in each of the three regions. Since each RA fiber 
has five tendinous regions along the length of the muscle, the distances between points 1-
2, 4-5, 7-8, 10-11, and 13-14 represented the tendinous portion of the fiber. The total 
tendon length for the RA muscle was calculated as the sum of the lengths of these five 
tendinous regions. The distances between points 2-4, 5-7, 8-10, and 11-13 represented the 
muscular portion of the fiber. The total muscle length for the RA muscle was calculated 
as the sum of the lengths of these four muscular regions. Since the three dimensional 
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locations of these points were used to calculate the distances between points in three 
dimensional space, the length measurements were independent of the digitizer coordinate 
system; accordingly the precise location and orientation of the digitizer did not have to be 
the same for each trial. Nevertheless, all fibers for each muscle were recorded with the 
digitizer in one location. The three dimensional locations of the points were exported 
directly into Microsoft Excel (Version 2007, Microsoft Corp., Redmond, WA, USA) for 
further analysis.  
3.3 Data reduction and statistical analysis 
All data reduction was performed in Microsoft Excel. Euclidian distance was 
calculated between each sequential pair of points in Microsoft Excel. The distances 
between points 1 and 5 were summed to give the tendon length, and the distances 
between points 5 and 9 were summed to give the muscle length. The TMR was calculated 
as the length of the tendon divided by the length of the muscle. The data were exported to 
Statistical Package for the Social Sciences (SPSS version 20; SPSS Inc, Chicago, IL) for 
statistical analysis. A two way factorial ANOVA was performed to determine the 
statistical significance of the TMR between species (human and rat), and between the 
different muscle fiber regions. The overall significance level was set at p < 0.05. Post hoc 
tests evaluated the statistical significance of the TMRs between the different regions for 
the human and rat specimens, as well as the differences in TMR between human and rat 
specimens at each different region. Due to the large number of comparisons in the post 
hoc testing, a modified Bonferroni adjustment was added to reduce the likelihood of type 
1 error (Simes 1986). This method accounts for inflated familywise error by dividing the 
 a priori alpha value (0.05) by the total number of comparisons for the first comparison; 
this effectively reduces the stringency of the criterion for each successive compariso
making it less conservative than the typical Bonferroni adjustment.
with the lowest p-value was assessed using an alpha level of 0.05 divided by the number 
of comparisons (0.05/15-
alpha level α (0.05) divided by the number of comparisons minus one (0.05/14=0.0036). 
This continued until the comparison with largest p
level of 0.05. 
Figure 7: Specific regions of the human EO (left), IO (middle) and TrA (right) 
muscles. Regions were defined based on the borders of the muscle, and direction of 
their fibers. Bony landmarks are indicated with red asterisks which were used to 
help define the orientation. 
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Photo obtained with permission; see Appendices
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 Figure 8: Specific regions of the rat EO
Regions were defined based on the borders of the muscle, and direction of their 
fibers. Landmarks are indicated with red asterisks 
the orientation. 
 
Figure 9: Specific regions of the human RA muscle regions were defined based on 
the borders of the muscle, and direction of their fibe
with red asterisks which were used to help define the orientation.
with permission; see Appendices
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 Figure 10: Illustration of the digitized points for region 1 of the EO muscle. Points 
4 (in yellow) reflect points along the tendon, point 5 (in purple) reflects the junction 
between the tendon and muscle, and points 6
muscle. This measurement protocol was performed for each region for the human 
and rat EO, IO and TrA muscles.
The raw three-dimensional co
presented in the Appendices
For the EO muscle in humans, the lengths of the tendon and muscle were 
approximately equal for regions 1
6 with a peak value reaching 2.01±0.69 at region 6 (Figure 
human specimens had a peak TMR of 1.62±0.49 at region 3; regions 1, 4, 5 and 6 had 
almost equal tendon and muscle lengths with their TMRs very close to 1 (Figure 
TMRs for each region of RA were similar, and were the lowest of all the abdominal 
muscles (average value of 0.36 
muscle had the highest TMRs, with a peak value reaching 1.63±0.49 at region 6 (Figure 
-9 (in green) reflect the points along the 
 Photo obtained with permission; see Appendi
4 Results 
-ordinate data for the human and rat specimens
.  
-4; the TMR progressively increased for regions 5 and 
11). The IO muscle in the 
– Figure 13). Regions 1, 5 and 6 of the human TrA 
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14). Regions 2, 3 and 4 of the TrA had approximately equal tendon and muscle lengths 
with a TMR close to 1 (Figure 14). 
In rats, the EO tendon was about half as long as the muscle for regions 1 and 2 (TMR 
values approximately 0.5). The TMR progressively decreased in regions 3-6 with the 
lowest value reaching 0.15±0.05 for region 6 (Figure 11). The IO muscle in rats was 
approximately twice as long as its tendon with TMR values across all regions reaching an 
average of 0.53 (Figure 12). TrA muscle fibers were more than twice as long as its tendon 
(peak TMR of 0.40±0.17 for region 1); the TMR was reduced along regions 2-6 and 
reached a low of 0.17±0.06 at region 4 (Figure 14). 
The factorial ANOVA revealed a significant interaction between the species and 
muscle fiber regions of the EO, IO and TrA muscles (p<0.05).  Post hoc testing analyzed 
differences in TMR between muscle fibers for each of the species separately. It revealed 
significant differences between regions of the human EO, IO and TrA muscles.  For EO, 
the TMR of region 6 was significantly greater than all other regions on the muscle. 
Region 5 had a significantly greater TMR than all other regions of the muscle except for 
region 1 and region 6 (Figure 11). The TMR for region 3 of the IO muscle was 
significantly larger than all other regions except for region 2. Region 2 had a TMR that 
was significantly larger than all regions except for region 3 and 6 (Figure 12). The TMRs 
for the different regions of the human RA muscle were not significantly different (Figure 
13). The TMRs for regions 5 and 6 of the TrA muscle were significantly larger than 
regions 2, 3 and 4 (Figure 14). 
 Data for the TrA muscle of one human specimen was rejected due to an accidental cut 
in regions 4, 5 and 6 of its tendon. It was not possible to measure these regions of the TrA 
muscle for this specimen. Therefore only 7 human specimens were included in the TrA 
data set. Similarly, we could not measure the TMR for the RA muscle in rats as this 
muscle was transected as part of the perfusion process. The tendon and muscle length 
measurements from this muscle would not be comparable to the other three muscles, nor 
the human specimens. 
Figure 11: External oblique TMRs for the human and rat specimens across the 
regions of the anterior thorax and abdomen. Each bar 
deviation. Significance for each muscle fiber region relative to one another is 
outlined via lettering. There were no significant differences between any regions of 
the rat specimens. 
represents ± one standard 
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 Figure 12: Internal Oblique TMRs for the human and rat specimens across the 
regions of the anterior thorax and abdomen. Each bar represents ± one standard 
deviation. Significance for each muscle fiber region relative to one another is 
outlined via lettering. Regions that pos
different from one another. 
regions of the rat specimens.
Figure 13: TMRs for the 3 regions of the human rectus abdominus muscle. Each b
represents ± one standard deviation. There were no statistically significant 
differences in TMR between any of the regions for this muscle.
sess the same letter are not significantly 
There were no significant differences between any 
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 Figure 14: Transverse Abdominus
the regions of the anterior thorax and abdomen. Each bar represents ± one standard 
deviation. Significance for each muscle fiber region relative to one another is 
outlined via lettering. Regions that possess the
different from one another. There were no significant differences 
regions of the rat specimens.
 
The main purpose of this project was to 
abdominal muscles. The main finding of this study was that the human and rat TMRs 
were significantly different from one another (
were significantly larger than the rat muscles for all of the four abdominal muscles. This 
was not consistent with our expectations; we predicted that the TMRs between humans 
and rats would be similar to one another. Other findings included significant regional 
differences in the TMRs within the human EO, IO and TrA muscles. This supports our 
hypothesis that the TMRs would vary across the different regions of the human 
abdominal muscles. 
 TMRs for the human and rat specimens across 
 same letter are not significantly 
between any 
 
5 Discussion 
describe the TMRs of the human and rat 
p < 0.05); the TMRs of the human muscles 
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5.1 Species comparison 
The significant regional differences in TMR between the human and rat EO, IO and 
TrA muscles may be linked to their different skeletal morphology and ROM at the spine 
and pelvis. Humans have five lumbar vertebrae while rats have six. In addition, the rat 
spines have a greater range of motion than human spines; for the lowest three lumbar 
levels (L4-S1) rats have an average of 52 degrees (Cunningham et al. 2010) of lateral 
bending while human spines (L3-S1) have an average of 15 degrees of lateral bending 
(Panjabi et al. 1994). Furthermore, relative to humans, rats have an additional motion 
segment (L5/L6) in the rat lumbar spinal column will contribute to even greater ROM in 
the rat compared to the human.  
Rats possess a relatively long and narrow pelvis relative to their body size. In 
contrast, humans have a wide and large pelvis when normalized to their body size; this 
results in the human abdominal muscles having longer moment arms. Interestingly, we 
observed that the TMRs for the human muscles are significantly larger in humans 
compared to rats. The effects of moment arm tradeoff with the spinal ranges of motion to 
impact on muscle excursion. Researchers have shown that rats and humans have similar 
patterns in optimal sarcomere length for the abdominal muscles (Brown et al. 2010), and 
they conclude that rat and human abdominal muscles operate over similar ranges of 
sarcomere length. The larger TMR in human abdominal muscles appear to be matched 
with the reduced ROM and the larger moment arms; the longer tendons in human 
muscles may contribute to spine stability through inherent stiffness of the network of 
passive tissues (Huijing 2003), or may play a role in protecting the inguinal region from 
rupture (Floyd & Silver 1950). In contrast, it appears that the larger ROMs in the rat 
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lumbar spine require greater muscle excursion and therefore the relative lengths of the 
tendons must be reduced to accommodate more sarcomeres. Although the shorter 
moment arms in rats tends to reduce the magnitude of the applied moments, rats likely 
compensate for this with muscle bulk; their abdominal muscles have approximately five 
fold greater mass compared to humans (Brown et al. 2010). 
In addition to the potential involvement and significance of ROM, TMRs may have 
implications for differences in muscle contraction dynamics between both humans and 
rats. Contraction velocity is a function of muscle fiber length, not the tendon length. As 
the length of the muscle fibers increases, maximum contraction velocity of the muscle 
will also increase (Gregor 1993). Shorter tendons lead to longer muscle fibers which in 
turn increases contraction velocity. The smaller TMRs measured in rats may indicate that 
velocity is more important than force for most behavioural tasks. A similar trend was 
measured in humans and cats at the hip joint where flexors have smaller TMRs; this 
suggests that hip flexors are likely designed for speed (Wickiewicz et al. 1983). Other 
muscles with long tendon such as the vastus lateralis are designed for force (Bojsen-
Møller et al. 2005). Rats may benefit from the smaller TMRs, and the resulting higher 
contraction velocities, more than humans who do not have to react as quickly to run away 
from prey. Although muscle fiber type also influences contraction velocity, the changes 
due to muscle architecture have considerably greater impact (Zajac 1989). Future 
research is needed to understand whether TMR alone would have a significant effect on 
these muscle contraction dynamics. 
Humans spend a large amount of time in an upright position, allowing gravity to play 
a prominent role on the skeletal structures and internal organs superior to the abdomen. 
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Accordingly, this causes increased pressure, particularly at the inferior region of 
abdominal wall. Researchers have shown that the EO is tonically active during standing 
(Floyd & Silver 1950). Furthermore, contraction of the abdominal muscles and the 
resulting intra-abdominal pressure appears to be an important mechanism for increasing 
the stability of the lumbar spine (Hodges et al. 2001). Given the shape of the pelvis, the 
inferior region of the abdominal wall may require additional support to produce and 
maintain an upright posture, prevent inguinal rupture (Floyd & Sliver 1950) and to 
protect inner organs. This support may be assisted by the increased stiffness and structure 
of muscle tendon when the abdominal muscles are contracted. Although rats are capable 
of standing upright (Kubasak et al. 2008), the large majority of their time is spent in a 
four legged stance (Giszter et al. 2007). The main internal organs that would be applying 
force on the rat abdominal wall would be inferior to the costal margin, since the tissues 
superior to the costal margin would be exerting force on the thoracic wall instead. This 
implies that less force is acting on the lower abdominal wall and therefore less structural 
stiffness is required in the form of tendon compared to the human. 
Although this study found significant regional TMR differences between the human 
and rat abdominal wall muscles, it is important to note that these differences were 
relatively small compared to the TMR values reported in the lower limb muscles. For 
example, this study reports TMRs between 0.1 and 2 for the abdominal muscles while the 
TMRs for the human lower limb can be as large as 11 (Bobbert et al. 1986). Given that 
the differences in TMRs for the abdominal muscles between rats and humans can be an 
order of magnitude smaller than the differences between muscles, the differences in TMR 
between human and rat abdominal muscles may not have a large impact on function.  
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5.2 Within human differences 
Within the human EO, IO and TrA muscles, there are significant differences in TMR 
between regions of each muscle. This was specifically noticeable in the EO muscle where 
region 6 possessed a significantly greater TMR than region 1. The higher TMR at region 
6, and greater tendon length since the myotendinous fibers are longer in this lower 
abdominal region, suggests greater stiffness of the passive elements compared to the 
other regions. Although this area of the spinal column is protected from shear forces by 
the apophyseal joints (Potvin et al. 1991), this additional tendon length/support may play 
a supplementary role in further increasing trunk stiffness. Having large shear forces 
acting on the lumbar spine does not only add acute discomfort (Ohlen et al. 1989, 
Mulhearn et al. 1999), but will increase the risk of other major spinal injuries (Yingling 
& McGill 1999).  
For the IO muscle, the greatest TMR is at regions 2 and 3. This is different than what 
was observed in EO as the greater tendon lengths are located at a region more superior 
relative to EO. Perhaps this relative increase in tendon length for the middle regions 
compensates for the smaller TMR as was observed in the EO muscle, and contributes to 
overall abdominal stiffness at this more superior spinal level. RA is a major spinal flexor 
with a large moment arm (Dumas et al. 1991). Therefore, smaller TMR is ideal for this 
particular region in allowing for longer muscle fibers and a larger ROM. TrA had greater 
TMR at extremities (region 1 and region 6). These areas of the TrA have the shortest 
muscle and tendon length; accordingly, long TMRs at these particular regions may reflect 
similar absolute lengths of the tendon themselves compared to the adjacent regions.  
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Increased stiffness may play a role in increasing the amount of force that is 
transmitted from the various abdominal muscles to the spinal column through 
mechanisms such as myofascial force transmission (Huijing 2003). It has been proven 
that the majority of force and stiffness generated from the rat TrA muscle is transferred 
through the connective tissue network of IO (Brown & McGill 2009). It is difficult to 
assign each abdominal muscle a single TMR (except maybe RA) because of its 
complexity. Although appendicular muscles have been represented with a single TMR 
(Zajac 1989), this is not possible in the human abdominal muscles. Accordingly the 
abdominal muscles would need to be represented with a number of individual regions 
rather than a single fiber. Although spine models have incorporated some different 
regions (for example, two for EO and two for IO; McGill & Norman 1986, Cholewicki et 
al. 1995), the information from this study indicates that additional regions are required 
for the abdominal wall muscles. 
5.3 Limitations 
The results of this study should be interpreted with caution due to several limitations. 
In order to properly perfuse each rat, the thoracic cage was transected perpendicular to 
the linea alba along the xiphoid process. As a result, the RA was cut and could not be 
measured. The other abdominal muscles and their tendons may have shortened in a way 
that resulted in different TMRs compared to what would have been seen if RA had not 
been cut; this is because of their common attachment near the superior region of the 
abdominal wall. Past studies have controlled for this factor by measuring sarcomere 
lengths (Brown et al. 2010, Brown et al. 2012). It would be beneficial to similarly assess 
if this transection significantly impacts the TMRs of the rat abdominal muscles. 
34 
 
Only the anterior tendon was factored into the TMR calculations for the abdominal 
muscles. Both IO and TrA insert into the LDF which is located in the posterior abdominal 
region. Since this structure is similar to the aponeurosis attaching to the linea alba, it acts 
as a additional tendon for the muscles that attach to it. Accordingly the TMR values for 
both the IO and TrA muscles are underestimated in this study, and would lead to different 
results obtained for specific regions of these muscles. Future work should include the 
LDF’s contribution to the TMRs of the abdominal muscles, and also examine and 
compare the structural properties between the LDF and abdominal muscle aponeuroses.  
Some of the human donors had significantly more subcutaneous and visceral fat 
around the upper and lower abdominal wall than other donors. Sumo wrestlers have 
greater amounts of subcutaneous fat and longer muscle fascicle lengths than control 
subjects for some of the upper and lower limb muscles (Kearns et al. 2000). If there is a 
relationship between the amount of subcutaneous fat and the abdominal muscle fascicle 
length, then the muscle lengths in our cohort of cadavers may not be representative of 
males with less subcutaneous fat, or of females.  
Only male humans and rats were tested in this study. Accordingly these findings may 
not be directly relevant to females. Research has evaluated the relative distension for 
forces up to 24N in the abdominal walls of human male and female specimens (Junge et 
al. 2001). The resulting distension was greater in females than in males for all directions 
of the lower abdomen, and was equal in the oblique direction for the upper abdomen. 
Although these authors do not report gravidity and parity for their female donors, it is 
possible that this increased compliance may be related to changes associated with 
pregnancy. Future research should investigate these potential differences in order to 
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determine whether tendon length or ratios play a role in this sex difference in stiffness of 
the abdominal wall. 
Age was not controlled for in this study; rats were younger in their life cycle (middle 
aged) than the humans (elderly). This is a common feature among similar research studies 
(for example, Brown & McGill 2009, Brown et al. 2010, Brown et al. 2011). It is widely 
known that muscles tend to stiffen as they age (Vandervoort 2002). Specific research has 
investigated the RA and diaphragm muscles in rats and observed a lower amount of 
collagen in aged muscles compared to younger muscle tissue; this leads to older tissue 
having lower viscoelastic properties and reduced compliance (Rodrigues et al. 1996). 
Other studies have examined muscle atrophy in response to incisional herniation, 
particularly of the IO muscle. They observed that these muscles become fibrotic during 
herniation and therefore less compliant (DuBay et al. 2007). Research looking the 
adaptability of tendon in response to aging noted a 10% decrease in tendon stiffness in 
the human plantar flexor muscles (Narici et al. 2006). This study suggests that these are 
changes related to material properties of the tendon, but this research has not considered 
tendon length. It is uncertain whether certain regions of any abdominal muscles may be 
impacted by these external factors, and whether the TMRs observed in this study play a 
role in abdominal wall stiffness with aging. 
The number of specimens included in this study was smaller than what we would 
have preferred which makes the power of this study less than it could have been. A recent 
review has suggested that 10 specimens is an appropriate sample size for studies of 
muscle architecture (Tuttle et al. 2012). We had a large effect size in the current 
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experiment and therefore feel that we have adequate power to support our statistical 
findings.  
In addition to the limited number of human specimens, there was a broad age range 
for human specimens. Although this theoretically increases variability between each 
muscle region, it is also advantageous since it increases the generalizability of the 
findings. The large effect sizes observed within each of the human muscle regions 
suggest that the range of ages in the current experiment did not meaningfully increase the 
variability of the human specimens; the findings in this experiment may be generalized to 
the male population.  
Finally, sarcomere lengths were not measured to normalize the human and rat 
abdominal muscles to each other. These properties define the structural basis for 
predicting muscle function (Sacks & Roy 1982) and, based on estimated sarcomere 
length operating ranges, describe the ability of muscles to generate active force and 
stiffness through the lumbar spine range of motion (Brown et al. 2011). Previous research 
has considered the differences in sarcomere length between the two species and found 
little difference in the trends between muscles (Brown et al. 2012). 
5.4 Conclusion 
Despite the limitations presented above, the present study thoroughly analyzed and 
described the TMRs across multiple regions of the abdominal wall for each abdominal 
muscle. Additionally, the TMRs for the EO, IO and TrA muscles of the rat specimens 
were measured and compared to each region of the human specimens. The data showed 
significant differences in TMR between the human and rat EO, IO and TrA muscles; the 
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human TMRs were at least twice as large as the rat TMRs depending on the specific 
muscle and region, although the TMRs were smaller than values reported for lower limb 
muscles. Significant regional differences within the human EO, IO and TrA muscles were 
also observed. These findings provide additional insight into improving our 
understanding of abdominal wall dynamics as this relates to ROM, stiffness, and 
physiological consequences on lumbar spine function. The data obtained also implies that 
there are meaningful differences in musculotendinous architecture of rat and human 
abdominal muscles, and further supports the uniqueness and complexity of this particular 
group of muscles. Future research should take these factors into consideration. 
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7.3 Raw human three dimensional co-ordinate data 
Summary of the raw three-dimensional co-ordinate data for the human and rat specimens. 
TI, I, and MI represent the three dimensional co-ordinates of points 1, 5, and 9 respectively of 
each musculotendinous fiber recorded for the EO, IO and TrA muscles. The number 
following each abbreviation reflects the region of the abdominal muscle measured. For the 
RA muscles, the tendon length was measured as the total distance of the five tendinous 
regions (TA1-TA2, TB1-TB2, TC1-TC2, TD1-TD2, Trs-End). Muscle lengths were 
measured as the total distance of the five muscle regions (TA2-TB1, TB2-TC1, TC2-TD1, 
TD2-Trs). Each region is represented by a separate block. 
7.3.1 Specimen “M17” 
EO IO TrA RA 
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 176.7701 -123.2038 267.5602 484.714 -178.2275 0.325 -62.6063 -294.8269 56.5837 T A1 121.1257 -262.0207 34.8961 
  
167.1611 -108.6644 250.5401 472.2256 -165.282 0.7184 -59.275 -285.7155 58.8918 T A2 139.2681 -240.9616 37.1023 
  
160.9246 -98.7464 238.6717 462.6546 -155.4472 2.5845 -56.9646 -278.9761 57.9739 
  
162.1535 -224.0003 43.3956 
  
155.5711 -90.4772 228.1669 455.2507 -148.5419 4.241 -54.8272 -275.2514 55.6034 T B1 176.7097 -214.1888 47.3373 
I 1 151.2916 -82.743 219.9842 448.4311 -142.4594 2.4143 -53.1121 -272.6974 54.2035 T B2 193.2095 -202.9156 47.3396 
  
143.1507 -79.0357 208.0736 439.286 -131.1091 -2.0437 -51.5864 -269.6614 54.3114 
  
229.2137 -184.6602 49.0139 
  
140.5779 -80.2701 206.6024 432.539 -123.0463 -8.111 -50.71 -267.4415 53.4579 T C1 247.6618 -174.8347 50.0309 
  
138.2411 -82.0135 203.7462 426.3241 -115.4693 -11.5059 -49.769 -264.3847 52.4332 T C2 263.3834 -165.9591 45.6472 
MI 1 131.2724 -87.3683 196.1945 420.553 -106.1209 -20.5227 -47.597 -261.3133 50.6612   295.4999 -150.012 30.9081 
TI 2 203.6383 -126.1543 296.0378 436.6702 -192.5479 3.8857 -26.163 -302.976 66.3386 T D1 308.4732 -145.1635 20.6369 
  
194.9768 -111.7638 280.5041 431.3407 -178.2497 12.2627 -25.2094 -295.8489 65.5134 T D2 321.0488 -141.9346 16.5431 
  
179.9715 -97.0169 260.2953 425.4275 -164.1673 12.5331 -23.6877 -288.8252 62.9423 
  
385.424 -125.2496 16.6183 
  
167.4948 -85.2789 248.4853 420.3321 -150.6767 5.6263 -22.2911 -282.4487 60.5241 Trs 460.5035 -111.7512 3.0935 
I 2 161.5119 -80.5499 242.1771 416.0137 -143.1194 -5.2111 -20.149 -275.666 58.1584 End 477.2411 -106.1866 -1.2568 
  
149.1319 -73.8831 229.8158 410.4958 -129.7489 -6.2521 -18.8329 -270.3453 55.5756 
  
      
  
140.7192 -73.6674 228.3861 407.9144 -119.142 -10.453 -18.0004 -266.0604 54.005 
  
      
  
137.3474 -74.1979 229.9562 405.5916 -107.6969 -11.4326 -16.9627 -259.7027 51.8752 
  
      
MI 2 134.2134 -78.5987 224.8163 404.4552 -98.4538 -20.2536 -14.642 -251.8678 56.7734         
TI 3 242.6227 -148.5625 311.6001 379.2906 -213.7951 22.3249 26.245 -320.9642 70.6782         
  
224.6634 -137.76 294.5422 372.8786 -194.7919 18.4131 28.7026 -304.6151 65.8439 
  
      
  
206.3742 -128.1921 268.8525 367.9135 -178.4066 5.9775 29.8306 -291.0592 61.3493 T A1 122.1687 -225.7066 42.8338 
  
194.3495 -122.5846 250.1608 366.1099 -164.0448 5.4933 29.251 -280.5563 58.0675 T A2 131.6741 -219.2379 41.6205 
I 3 173.9115 -115.5126 231.6581 363.9037 -148.7821 4.0482 28.301 -270.8854 55.2186   157.576 -204.9263 45.7064 
  
154.6371 -102.1148 210.0608 362.5541 -137.9714 -7.1523 28.1483 -263.4776 52.2996 T B1 172.2616 -199.4575 49.4456 
  
151.3771 -113.7147 202.6949 363.1222 -122.4582 -16.8797 27.3615 -251.2551 48.2109 T B2 195.3937 -188.8242 49.0515 
  
143.3572 -109.4884 186.5708 362.7509 -107.2002 -11.3405 24.8781 -243.5286 47.6777 
  
224.4771 -172.9967 46.9042 
MI 3 133.583 -105.6662 168.3776 364.5194 -97.1822 -22.1427 24.0688 -230.9257 51.1243 T C1 236.9052 -168.4449 46.3396 
TI 4 281.8179 -130.3599 322.0382 326.6816 -234.7763 37.2667 74.0596 -340.7163 55.436 T C2 251.5521 -159.9776 42.6742 
  
262.2507 -115.6155 293.991 328.3175 -208.25 30.4212 81.03 -317.8045 46.6841 
  
287.2872 -144.6647 26.0478 
  
237.9417 -103.7855 263.2278 327.9784 -192.0359 23.9909 85.2884 -293.3232 36.59 T D1 306.8447 -135.3095 17.584 
  
218.4397 -94.6585 245.5094 327.3925 -176.6394 13.5298 89.0368 -276.2939 32.1993 T D2 318.7692 -131.9939 10.507 
I 4 211.6201 -92.3856 237.5614 327.1686 -160.819 10.466 92.5 -265.5694 29.2985   390.1477 -110.8215 14.7734 
  
185.9907 -81.6628 210.4353 327.6803 -140.5226 3.2036 94.0272 -248.8574 18.0882 Trs 439.922 -102.515 1.9244 
  
168.7138 -74.3867 194.2152 328.3407 -132.017 -13.2903 92.7632 -221.9433 -10.1123 End 471.4427 -95.5312 -3.4719 
  
159.4665 -83.6723 178.1953 329.1748 -114.6258 -23.9543 88.6222 -209.0906 -34.5512 
  
      
MI 4 153.3315 -89.0246 164.2508 338.6295 -95.3278 -52.9753 83.1097 -206.9312 -55.4863         
TI 5 314.7438 -151.1619 358.0347 274.3583 -257.6084 48.0331 138.6296 -359.3692 34.4156         
  
292.2189 -115.1966 315.3539 276.9845 -234.3111 45.7924 142.2143 -346.7256 33.4669 
  
      
  
270.2602 -94.9409 281.8978 282.9398 -198.1453 28.3411 144.4612 -324.6635 28.4313 
  
      
  
249.8148 -80.023 255.8901 288.6465 -173.5054 17.043 147.0776 -303.1835 27.2878 
  
      
I 5  241.3047 -72.3725 240.9407 293.6769 -155.1881 8.5654 148.4354 -263.414 -0.5772 T A1 108.3236 -202.1291 43.8112 
  
224.3003 -59.2349 219.9565 301.5808 -131.4095 -21.2461 150.5138 -244.3139 -8.4682 T A2 125.213 -187.7866 45.4864 
  
214.2649 -66.3098 211.6601 310.7457 -107.4543 -28.524 150.9525 -234.8061 -20.0705 
  
159.1318 -174.8483 45.578 
  
200.8446 -79.3565 176.4585 318.5051 -97.8297 -45.7392 148.044 -232.4059 -33.4782 T B1 190.8654 -163.0842 54.1102 
MI 5 190.2411 -96.9996 156.908 333.8204 -93.0843 -70.3177 147.5515 -234.5971 -50.8515 T B2 203.7225 -155.4428 46.9802 
TI 6 380.8706 -80.4767 365.9543 204.0508 -284.2262 36.448 180.2864 -370.3556 22.3335   227.7929 -144.2748 32.0655 
  
328.2589 -74.16 325.3158 230.6405 -230.3565 42.8371 185.749 -355.5247 28.5172 T C1 241.1107 -138.2152 28.3247 
  
297.6648 -69.2188 292.5813 255.0341 -180.5185 31.1626 189.9481 -343.2192 26.9818 T C2 254.5935 -131.1759 25.2409 
  
274.0001 -67.3123 266.4907 261.481 -165.9025 20.8078 191.0323 -326.192 23.9466 
  
285.9378 -121.2821 21.8734 
I 6 263.7143 -65.9589 255.013 268.0606 -152.4812 -0.9718 192.7696 -299.8334 13.7987 T D1 309.6646 -112.4562 13.5014 
  
226.1467 -54.7719 207.7565 280.2493 -129.4461 -21.8737 192.6034 -284.8098 8.798 T D2 323.6766 -110.8411 11.8325 
  
206.7818 -54.4622 183.3539 292.7226 -107.2469 -38.2069 195.8054 -272.0183 2.5352 
  
392.3328 -99.3258 13.5932 
  
219.5351 -75.3033 179.3547 303.1297 -101.297 -55.7151 197.4866 -262.6059 0.9298 Trs 430.1325 -95.6593 4.9219 
MI 6 200.059 -105.5184 151.0516 332.3943 -93.3296 -74.7235 199.6072 -261.8414 -2.1103 End 464.2169 -92.9247 -1.6893 
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7.3.2 Specimen “M11” 
  
  EO     IO     TrA       RA   
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 249.969 -282.990 310.770 419.868 -264.877 -27.944 136.719 -249.028 29.107 T A1 86.343 -259.792 31.527 
  
238.940 -266.216 295.094 417.264 -256.144 -28.641 133.327 -241.793 28.398 T A2 104.101 -260.899 33.566 
  
231.370 -251.539 286.072 414.792 -248.080 -31.070 129.260 -235.431 26.829 
  
123.461 -260.841 33.157 
  
229.888 -222.371 263.274 412.328 -240.972 -34.408 126.961 -230.481 27.122 T B1 143.890 -259.048 26.932 
I 1 291.778 -204.563 273.621 409.725 -234.519 -37.655 125.284 -224.286 26.934 T B2 150.186 -261.575 23.174 
  
292.855 -196.067 252.843 406.483 -224.526 -39.349 125.019 -217.938 24.886 
  
197.588 -274.334 2.579 
  
289.307 -191.855 232.539 405.172 -217.766 -41.580 124.320 -210.250 27.241 T C1 240.085 -286.870 -1.940 
  
292.916 -192.155 206.376 402.425 -204.710 -45.285 126.343 -202.726 29.256 T C2 254.091 -290.667 -6.641 
MI 1 292.502 -196.057 188.352 397.235 -192.030 -41.017 126.304 -196.489 34.417   281.003 -298.110 -24.688 
TI 2 285.080 -276.285 327.295 375.623 -262.331 -36.860 167.059 -239.813 10.713 T D1 299.981 -302.121 -32.980 
  
264.247 -260.822 316.840 374.860 -251.918 -35.783 162.230 -230.115 10.956 T D2 314.346 -306.795 -32.536 
  
248.489 -244.594 294.736 373.880 -240.800 -35.694 156.594 -218.449 12.270 
  
358.973 -321.044 -29.794 
  
233.863 -220.417 279.711 373.976 -227.512 -37.951 153.710 -211.801 12.605 Trs 413.471 -343.163 -14.345 
I 2 233.559 -216.216 262.766 372.297 -215.836 -40.700 151.587 -205.376 13.319 End 426.283 -344.779 -3.468 
  
339.205 -166.481 229.697 373.200 -205.533 -43.304 150.962 -195.893 13.578 
  
      
  
336.334 -170.292 190.187 371.775 -198.095 -45.644 148.925 -183.641 13.949 
  
      
  
348.381 -198.508 193.962 372.025 -187.578 -46.896 147.352 -172.353 10.493 
  
      
MI 2 340.316 -206.116 174.813 370.336 -175.723 -38.959 147.756 -161.341 15.378         
TI 3 317.431 -279.348 341.492 333.084 -260.696 -38.715 207.827 -229.730 0.235         
  
298.679 -249.552 322.749 333.234 -246.469 -38.056 202.817 -213.800 5.713 
  
      
  
289.209 -235.807 307.283 333.474 -231.549 -39.117 197.810 -202.086 7.191 T A1 88.240 -229.734 30.393 
  
282.374 -225.921 289.014 334.040 -219.024 -41.999 194.900 -196.565 6.752 T A2 97.394 -230.119 31.231 
I 3 278.296 -219.504 274.330 334.947 -204.374 -46.707 193.958 -188.742 3.986   131.942 -236.623 34.004 
  
267.412 -200.476 265.133 336.708 -194.540 -50.487 185.735 -171.291 -2.661 T B1 162.357 -247.817 24.240 
  
333.698 -163.121 254.552 340.078 -183.433 -50.067 181.690 -159.480 -8.778 T B2 176.775 -251.587 15.368 
  
353.070 -160.427 210.146 343.317 -171.660 -49.059 175.622 -150.143 -21.181 
  
213.770 -264.473 6.536 
MI 3 351.515 -180.393 178.441 339.972 -163.365 -40.135 174.828 -135.742 -20.334 T C1 249.187 -275.792 -2.114 
TI 4 326.268 -288.273 370.118 275.324 -263.862 -22.126 241.100 -224.354 -4.425 T C2 264.094 -279.913 -9.979 
  
331.000 -262.585 349.289 279.037 -251.941 -20.176 234.493 -201.605 -4.557 
  
281.780 -287.329 -24.572 
  
328.885 -250.101 327.884 284.399 -234.837 -26.167 228.889 -185.143 -6.066 T D1 296.994 -288.115 -32.213 
  
325.467 -243.131 315.676 288.469 -218.876 -34.742 222.048 -175.306 -10.257 T D2 314.471 -292.390 -34.131 
I 4 320.683 -236.291 298.314 292.268 -208.153 -43.735 221.297 -168.016 -15.579   358.449 -305.834 -30.043 
  
331.835 -203.555 267.770 298.803 -192.103 -54.480 214.187 -154.907 -27.276 Trs 414.141 -334.116 -16.731 
  
325.404 -179.411 246.700 305.109 -180.263 -59.778 203.865 -136.262 -37.754 End 428.506 -340.147 -4.773 
  
387.083 -131.576 185.554 313.345 -169.111 -63.239 194.761 -126.123 -51.674 
  
      
MI 4 357.758 -181.870 141.044 324.969 -149.155 -57.965 188.055 -126.534 -75.438         
TI 5 383.558 -263.437 407.200 226.142 -266.847 -13.952 285.041 -214.152 -20.671         
  
415.316 -215.296 358.960 234.409 -251.196 -6.707 279.393 -197.071 -21.179 
  
      
  
414.807 -191.426 329.634 244.807 -231.271 -5.647 277.368 -180.223 -23.769 
  
      
  
409.055 -179.356 306.227 255.809 -204.474 -22.013 271.147 -157.368 -34.711 
  
      
I 5  407.443 -171.364 289.117 261.635 -189.241 -39.989 267.026 -149.398 -38.141 T A1 96.578 -204.718 23.849 
  
393.070 -148.176 247.905 273.824 -173.601 -54.770 259.294 -137.347 -44.649 T A2 108.824 -204.031 25.978 
  
359.429 -146.521 221.204 282.084 -162.074 -65.426 249.901 -127.282 -56.559 
  
136.758 -213.323 27.458 
  
396.069 -129.229 172.668 293.389 -157.471 -86.491 244.841 -126.245 -63.471 T B1 175.747 -228.146 29.496 
MI 5 367.566 -161.051 131.363 305.255 -148.257 -88.873 239.216 -119.842 -78.325 T B2 188.798 -235.868 19.123 
TI 6 411.844 -150.700 585.298 166.585 -264.306 10.835 342.010 -201.907 -14.964   217.024 -244.711 2.357 
  
420.781 -103.751 556.455 186.281 -234.889 5.172 339.675 -188.299 -17.107 T C1 238.039 -250.782 -3.925 
  
423.050 -88.725 516.446 205.012 -212.209 1.376 336.870 -170.330 -18.485 T C2 248.955 -254.953 -8.768 
  
419.246 -84.753 496.107 227.999 -185.816 -18.441 336.737 -160.943 -21.952 
  
281.165 -267.620 -26.777 
I 6 418.466 -79.540 484.659 244.066 -171.172 -39.875 334.581 -142.608 -30.364 T D1 295.946 -271.029 -34.019 
  
421.175 -78.501 457.391 263.655 -161.192 -56.091 330.155 -133.842 -31.843 T D2 310.202 -275.184 -35.852 
  
423.826 -90.706 438.488 276.266 -158.440 -73.105 325.683 -129.762 -37.914 
  
358.642 -295.025 -31.415 
  
441.462 -77.860 393.694 288.864 -158.164 -90.825 317.030 -124.003 -42.812 Trs 414.230 -325.650 -21.112 
MI 6 441.490 -96.666 309.688 306.644 -153.756 -99.465 314.493 -120.235 -40.616 End 432.844 -336.159 -6.383 
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7.3.3 Specimen “M9” 
  EO IO TrA RA 
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 72.5826 -157.1582 184.6117 391.532 -308.3429 19.0067 152.0998 -256.3594 94.9935 T A1 158.799 -345.3346 85.3252 
  
51.7403 -128.8619 161.5787 380.175 -292.7697 18.1698 145.0564 -244.0258 92.9349 T A2 176.7376 -320.3513 83.0385 
  
33.8042 -101.2311 143.9174 371.4763 -282.1394 20.001 139.1693 -227.4232 88.3862 
  
200.9421 -298.6752 76.0659 
  
22.2175 -78.3304 126.7502 364.7359 -274.1067 22.5751 135.5551 -212.9196 82.8711 T B1 217.5722 -285.7013 59.9121 
I 1 1.0998 -58.7263 116.6324 360.5387 -265.8423 21.5756 130.7309 -203.4587 86.779 T B2 237.1486 -276.2275 49.6887 
  
-38.4052 -64.7366 144.4271 355.1752 -253.4576 18.6982 127.427 -199.1987 92.6953 
  
271.3141 -261.3656 41.4105 
  
-38.4574 -64.2585 144.2425 348.0709 -244.4121 13.2223 124.1898 -195.3317 93.8511 T C1 300.1471 -245.374 41.9885 
  
-39.8313 -65.0581 145.9605 339.7033 -236.8702 8.1748 122.1674 -192.9788 97.0158 T C2 316.0231 -237.9335 44.2316 
MI 1 -42.5966 -67.4359 148.3558 328.3324 -223.3579 -2.6146 119.0081 -187.8473 99.2708   334.5437 -231.0228 44.2381 
TI 2 104.0557 -166.9742 195.9267 349.1827 -312.5406 36.3707 189.8874 -248.3713 72.7834 T D1 357.2179 -220.4616 44.617 
  
80.5325 -139.6393 168.7751 345.525 -299.0417 37.8127 182.6722 -231.9054 66.046 T D2 367.7233 -216.0254 44.9834 
  
53.5442 -107.878 144.0586 339.1031 -284.2685 38.4107 176.5781 -213.3783 61.7606 
  
413.5396 -198.6696 35.6407 
  
35.5589 -84.8786 127.2679 334.1223 -264.6174 34.2932 173.2455 -194.2325 60.7262 Trs 439.502 -185.2872 17.8156 
I 2 24.2683 -60.8948 109.9389 326.448 -250.2309 29.993 165.2519 -178.4095 61.1677 End 469.0311 -170.5281 5.8707 
  
12.6839 -41.1677 98.1049 321.831 -238.1147 19.8054 164.8191 -166.8416 67.2546 
  
      
  
44.203 -35.9934 113.8998 318.0885 -228.013 16.2377 159.8641 -154.8459 67.0264 
  
      
  
47.4147 -45.0692 127.6923 313.5073 -218.546 7.867 154.2297 -139.7544 64.6931 
  
      
MI 2 44.6352 -55.1008 130.0112 309.1372 -214.3192 1.7313 150.0479 -127.4526 59.9373         
TI 3 165.6166 -169.2128 229.3624 301.1457 -320.6348 45.7064 244.3895 -234.2603 62.5008         
  
139.5865 -131.3685 193.3941 300.6992 -299.9633 45.6076 238.3337 -208.495 54.7029 
  
      
  
111.9223 -100.4364 162.2759 301.6108 -282.0201 44.0938 229.8521 -189.0331 47.6657 T A1 151.0664 -294.9327 92.994 
  
95.3367 -86.379 152.7983 300.9206 -259.235 40.5868 222.2925 -169.3829 45.5896 T A2 169.4529 -282.1302 92.2549 
I 3 75.4213 -67.0452 133.8167 299.9598 -245.4119 33.2611 220.5425 -155.926 41.2445   193.0993 -266.0212 71.4192 
  
57.7422 -34.1025 119.7254 299.2513 -231.6067 26.2246 216.5764 -140.3924 26.8856 T B1 211.6631 -257.2237 62.5933 
  
19.0504 -89.4156 220.7155 298.2974 -221.4833 18.2235 210.3673 -118.1627 2.7158 T B2 226.21 -252.6639 55.3376 
  
14.5522 -98.335 208.3362 296.7119 -213.0376 12.1829 202.4643 -119.2818 -25.516 
  
254.1734 -241.5237 45.7847 
MI 3 -2.7478 -123.1345 178.5921 297.2596 -208.3039 7.4056 199.1618 -131.3462 -58.2096 T C1 273.0696 -232.581 43.8071 
TI 4 189.0404 -172.5 237.8387 252.5101 -329.313 43.8646 294.915 -225.0624 65.4093 T C2 285.4155 -226.4699 43.0033 
  
143.4036 -149.3636 210.1899 256.6641 -301.5558 44.7278 290.9825 -208.0249 61.3959 
  
307.6348 -216.311 44.1085 
  
111.2294 -130.3888 187.5544 259.1448 -280.4868 43.4834 286.7514 -185.663 55.8724 T D1 328.9255 -207.2473 46.1916 
  
88.4018 -116.573 171.3235 262.2673 -265.4 40.7213 272.798 -140.1963 43.8194 T D2 343.6746 -201.6596 46.195 
I 4 77.6485 -110.2477 163.7456 263.8809 -248.7444 30.7262 266.6116 -124.8472 28.8318   388.1654 -188.1851 41.5796 
  
58.6924 -121.8865 174.6835 267.4151 -229.622 24.9179 259.3068 -111.9176 10.3899 Trs 418.055 -178.5704 28.3412 
  
34.4129 -108.3474 163.9379 270.0496 -218.2101 14.3619 253.8909 -111.3858 -8.6996 End 464.8765 -166.6065 6.5165 
  
20.1062 -105.9502 152.1912 272.9156 -206.6646 10.6991 248.6735 -123.8269 -26.1714 
  
      
MI 4 -8.9325 -127.0796 149.4694 274.5542 -200.2119 2.1688 248.9353 -134.1552 -41.749         
TI 5 239.8412 -187.4392 262.3638 210.2433 -335.9425 44.3381 341.1189 -216.1986 63.2976         
  
173.8219 -144.0056 216.3325 213.3759 -303.7237 39.307 336.7526 -193.7618 61.9346 
  
      
  
133.7773 -125.498 190.6624 217.4993 -283.4023 41.799 332.7805 -176.8207 58.3262 
  
      
  
111.921 -115.8465 176.6022 220.4343 -264.0063 38.979 326.6381 -154.3926 53.1826 
  
I 5  97.3024 -111.9655 168.5054 223.1126 -253.9278 27.994 319.2594 -124.4794 39.4445 T A1 143.8383 -260.5278 93.588 
  
68.3124 -102.328 153.7068 230.5966 -231.3278 20.1007 311.9589 -120.0536 36.9022 T A2 162.6494 -253.0736 95.5936 
  
46.7504 -101.2414 148.6066 237.2034 -215.9603 9.3766 304.0437 -118.2536 28.8756 
  
192.1238 -239.3055 72.4146 
  
40.8374 -110.2779 145.9243 244.8752 -201.5607 0.1821 295.2463 -114.26 17.6438 T B1 204.9042 -233.5987 63.0672 
MI 5 15.3013 -140.3747 143.2499 252.385 -200.3358 -13.5049 292.6783 -113.5128 6.0144 T B2 223.7914 -227.2599 52.4407 
TI 6 265.8691 -176.3377 252.9591 144.1478 -346.2299 65.7028 389.2652 -206.4918 45.9041   240.2977 -223.8695 47.8066 
  
202.4505 -154.3446 221.2928 149.0263 -315.4151 52.323 385.2891 -193.2128 45.0077 T C1 252.7782 -219.2552 44.8931 
  
149.0877 -141.3301 203.5608 161.0145 -275.8705 51.9485 380.0344 -178.3442 45.4217 T C2 264.5706 -214.8705 42.1413 
  
113.1186 -127.4772 189.2402 167.428 -243.3717 37.0218 374.2077 -163.2468 42.9939 
  
290.2104 -206.7415 41.3559 
I 6 88.7105 -120.0159 179.1045 173.9227 -230.2552 26.4979 350.8005 -134.1222 32.9915 T D1 313.1957 -198.1293 43.6407 
  
61.2212 -120.7895 170.9495 184.0273 -218.96 11.7016 340.4525 -125.6004 26.1135 T D2 328.9312 -191.3249 45.2572 
  
50.989 -129.3013 159.8988 204.5131 -202.9645 -14.8047 332.4901 -117.058 22.0263 
  
384.5116 -180.8057 40.954 
  
45.2343 -136.4797 152.9087 214.4283 -206.1113 -33.4535 322.7179 -115.3096 20.7513 Trs 411.2746 -173.857 27.9899 
MI 6 30.7704 -142.1026 141.5192 231.0899 -200.0444 -43.9712 316.5643 -105.4318 12.9536 End 460.61 -160.3475 4.0472 
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7.3.4 Specimen “M7” 
  EO IO TrA RA 
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 244.5879 -340.0429 55.953 454.5161 -153.5435 -10.8451 118.0489 -350.2352 67.8905 T A1 1.9953 -283.8606 61.01 
  224.4958 -327.4856 52.0125 436.5964 -131.7948 -17.0794 113.6612 -343.2789 65.9052 T A2 17.3361 -279.8851 62.2022 
  192.0838 -304.7918 63.5984 418.1759 -120.2039 -21.6338 111.173 -335.8016 62.4856 
  
32.1354 -278.2455 66.1636 
  157.659 -281.1439 81.6461 407.8236 -109.4959 -23.6986 106.3644 -328.0669 60.6109 T B1 45.3301 -274.4102 67.2716 
I 1 139.6405 -270.879 73.0546 402.4568 -101.4461 -23.5006 101.7943 -317.5718 60.8488 T B2 66.5639 -271.3035 62.808 
  128.9888 -265.1308 65.4016 393.1403 -91.1587 -16.4301 100.2797 -307.5659 61.7601 
  
99.2308 -266.5218 46.2524 
  118.4705 -262.1312 56.8762 386.3409 -82.477 -12.0296 93.6356 -295.5346 64.0402 T C1 121.6069 -267.4723 39.9523 
  109.2419 -261.2477 48.9694 377.452 -75.3226 -6.7701 89.878 -285.1505 67.9361 T C2 148.4543 -267.7 40.5061 
MI 1 98.204 -261.1353 40.759 369.4099 -68.7075 -12.2136 86.6147 -275.9344 71.7144 
  
186.0857 -268.5166 43.7356 
TI 2 304.8734 -311.9353 56.3804 402.2863 -178.6914 8.8476 166.5016 -334.6798 54.48 T D1 221.8705 -270.9337 46.2748 
  278.9659 -297.2215 53.6345 393.3937 -160.6386 11.2997 161.2567 -320.5663 52.7247 T D2 245.3773 -271.9618 43.1791 
  235.8796 -274.3735 53.78 391.6735 -141.406 11.0596 153.7391 -305.5229 48.3484 
  
300.9014 -284.5732 26.8235 
  204.0396 -261.6842 52.155 387.536 -124.2052 0.2588 142.4035 -289.9006 45.406 Trs 354.0213 -302.2342 -3.3024 
I 2 181.1427 -249.387 68.6145 383.736 -107.1389 -7.8911 133.531 -279.2326 42.8858 End 401.9832 -314.6107 3.6775 
  152.7656 -232.3631 62.2949 377.7306 -92.6429 -7.4872 125.7707 -264.6015 45.5772 
  
      
  134.6204 -229.2333 43.4175 374.6136 -84.1862 -6.9826 118.2157 -251.2131 46.488 
  
      
  119.0215 -233.1042 32.2027 370.8765 -74.6035 -5.8166 109.6606 -234.6044 49.3067 
  
      
MI 2 96.8126 -238.9316 14.2073 369.0741 -67.2111 -12.2535 103.5995 -226.3072 53.7064 
  
      
TI 3 359.7391 -283.2284 47.1304 356.0874 -199.0845 27.1996 212.6566 -321.7462 56.5653 
  
      
  313.7728 -258.5224 55.8669 353.2235 -172.9789 31.113 203.7926 -301.5448 53.8316 
  
      
  283.7824 -244.7229 53.6215 354.189 -150.4952 30.8788 193.3037 -281.3857 50.5421 T A1 -5.7271 -258.8572 59.8183 
  250.3747 -230.7758 48.2346 353.0564 -131.514 22.7286 182.1634 -261.0518 51.5749 T A2 12.4426 -256.9952 65.1382 
I 3 222.1467 -218.3364 40.3471 348.6252 -107.9642 1.1961 169.3316 -240.5558 46.2526 
  
40.3656 -254.6041 68.6704 
  189.0713 -204.8399 41.4447 348.8036 -92.0356 -0.7 159.315 -223.1784 40.0083 T B1 67.4438 -250.9519 70.9709 
  164.9912 -203.3459 25.533 348.3201 -80.4158 -1.2575 149.9871 -207.4179 31.918 T B2 81.5586 -246.7346 70.6749 
  141.3787 -207.0844 10.8014 349.6731 -72.4874 0.3838 139.5172 -189.6692 17.1307 
  
110.7146 -241.9744 46.5373 
MI 3 106.767 -223.5417 -12.3067 349.5728 -63.0172 -9.7222 128.5968 -173.3658 -11.2649 T C1 121.3484 -243.3413 44.479 
TI 4 420.6981 -261.4751 25.6111 301.442 -229.6413 35.9129 263.6169 -307.8769 47.3037 T C2 148.8159 -241.6683 42.5369 
  372.3841 -217.833 35.1145 299.0227 -178.3854 39.3319 253.5052 -271.7383 49.8439 
  
189.1782 -246.279 44.0275 
  331.3977 -199.0582 36.232 299.4119 -153.5179 33.9943 244.6643 -247.0342 42.5836 T D1 221.1554 -250.7108 41.2559 
  308.0902 -189.8669 34.9156 302.5038 -132.5251 27.1715 232.0658 -222.2633 37.5687 T D2 243.0385 -254.496 38.805 
I 4 287.1204 -182.9196 31.8157 301.6722 -114.0617 18.3472 218.1662 -190.5855 20.8005 
  
307.7898 -275.7534 23.8159 
  249.5982 -170.0746 26.1278 303.5913 -96.4844 5.7524 209.9025 -171.4466 8.2759 Trs 352.2073 -297.5764 -6.426 
  225.8781 -168.1552 16.3743 306.4794 -78.2052 1.1639 193.2312 -152.8279 -19.5235 End 409.3682 -303.7457 -1.9277 
  162.1272 -188.6696 -18.6949 309.2155 -63.0212 -16.6092 180.8669 -154.9866 -51.4617 
  
      
MI 4 125.0319 -206.43 -33.5475 315.1444 -51.4358 -44.2828 187.3353 -184.8809 -80.5851 
  
      
TI 5 465.3327 -240.4138 7.8838 256.0518 -246.3364 33.1387 314.0053 -295.0497 36.6572 
  
      
  411.8769 -209.6924 10.0294 254.9156 -192.3816 37.2958 312.0981 -276.4319 36.6259 
  
      
  382.4144 -195.5639 22.2481 258.101 -164.9088 37.6711 309.8425 -257.5534 36.2672 
  
      
  336.2841 -179.011 30.0515 262.3602 -135.2394 27.6876 304.3771 -227.5093 24.9588 
  
      
I 5  309.6892 -167.672 23.1696 263.8824 -117.186 15.6724 301.5964 -218.5235 18.5096 T A1 -7.6261 -226.6666 56.2026 
  254.194 -161.1509 7.9449 271.0026 -91.0686 9.4947 297.8941 -199.6478 11.9808 T A2 7.2055 -223.336 59.1629 
  214.9807 -159.9661 -5.0572 276.4142 -72.9408 -10.9057 289.8156 -195.7093 7.0357 
  
48.0326 -220.0215 64.5038 
  174.6839 -175.102 -31.1855 281.1851 -57.2979 -38.6764 289.3521 -187.4968 2.8621 T B1 93.7894 -220.4963 72.4502 
MI 5 127.2702 -201.5196 -62.6686 296.4764 -65.5806 -64.4539 287.9329 -186.7599 -1.7836 T B2 102.4639 -221.6395 60.3862 
TI 6 476.6812 -191.4759 3.191 210.882 -267.7808 48.6413 349.6385 -284.3266 19.9671 
  
120.966 -221.8373 45.613 
  438.6718 -191.7676 2.259 214.7726 -190.0195 32.8362 345.2481 -269.2254 22.0551 T C1 136.0936 -221.5579 40.9903 
  407.0714 -177.3839 8.1825 218.2602 -159.6194 31.6497 339.4167 -250.8749 18.3033 T C2 154.1084 -222.2578 39.3373 
  366.5964 -161.5213 19.6379 222.3091 -136.614 24.6917 333.0346 -235.4614 9.3219 
  
189.1554 -224.5077 39.8127 
I 6 324.1275 -148.7895 7.8209 223.0603 -122.3693 16.2736 325.8372 -213.0736 7.9204 T D1 215.1095 -229.7968 36.9403 
  272.1893 -136.852 -18.0252 231.2854 -89.4634 7.5355 318.7146 -203.355 7.9874 T D2 248.4699 -237.4238 31.7571 
  225.6613 -141.5191 -35.6422 240.2494 -79.7372 -9.8806 312.2793 -196.452 4.4602 
  
312.5791 -264.144 18.0543 
  205.532 -159.0744 -51.5355 261.2524 -55.0962 -43.5232 304.773 -197.5269 -2.6639 Trs 348.8744 -287.0082 -7.3007 
MI 6 158.0853 -184.7879 -77.032 294.1923 -76.4139 -81.9998 300.3787 -195.8044 -14.669 End 407.2284 -302.5006 -0.7728 
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7.3.5 Specimen “M5” 
  EO IO TrA RA 
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 -223.6828 -331.3541 59.1641 384.6154 -254.7631 9.7362 163.4085 -325.3281 65.9362 T A1 10.2818 -275.3206 63.0744 
  
-209.3156 -299.8549 59.7029 377.8259 -236.9896 7.1202 158.9722 -320.93 66.2711 T A2 39.3126 -274.2094 66.7299 
  
-194.7692 -278.9452 72.6138 368.538 -224.1694 4.795 152.8822 -316.9003 66.2755 
  
67.2627 -270.2712 55.8381 
  
-177.5697 -237.758 72.1997 362.3771 -219.5055 -0.214 147.3245 -312.436 66.4025 T B1 85.7952 -268.4056 45.3184 
I 1 -173.203 -227.2034 65.7635 357.6624 -213.6403 -4.1541 142.6078 -308.0391 67.6151 T B2 101.3988 -268.582 44.8718 
  
-173.8808 -212.6728 56.2819 346.3739 -193.613 -11.5265 135.9378 -301.2818 69.1503 
  
130.7661 -275.6698 39.5111 
  
-173.1241 -207.1856 51.6342 338.7282 -181.249 -12.3457 131.8776 -297.2588 67.7988 T C1 158.3951 -280.3889 32.1452 
  
-172.3649 -202.9929 47.2517 332.0457 -165.3698 -14.2788 127.0668 -292.2113 69.0904 T C2 173.3316 -282.3738 30.306 
MI 1 -171.8599 -197.6109 40.9148 325.7503 -152.5393 -19.2953 119.3324 -286.6412 69.8584   197.6788 -286.937 31.2336 
TI 2 -184.3793 -382.5219 61.6779 324.5375 -269.4558 31.5793 195.9676 -298.5659 57.0626 T D1 222.5665 -291.6484 30.9477 
  
-168.2232 -357.2167 53.1589 316.9287 -244.5686 25.9583 186.3268 -289.8519 54.089 T D2 232.7968 -294.0916 32.2456 
  
-151.4926 -325.4931 54.8783 310.5089 -226.6304 11.2905 172.8852 -281.5857 48.043 
  
303.528 -321.9901 25.8453 
  
-139.6819 -300.1035 56.1117 307.1362 -214.2042 0.0739 161.1355 -270.3216 49.6526 Trs 358.5822 -340.4818 9.3406 
I 2 -134.128 -285.9814 56.3398 304.7139 -206.4597 -10.3439 145.8717 -259.1537 53.1842 End 379.0982 -345.7785 5.971 
  
-120.1793 -247.2033 56.0602 303.2279 -188.0376 -11.6775 138.3472 -250.7 55.1637 
  
      
  
-124.5212 -223.897 33.6472 299.8053 -170.1961 -16.7462 130.415 -242.9026 57.8597 
  
      
  
-127.8087 -211.3067 17.8197 299.7015 -149.6798 -15.2103 120.2302 -235.9828 59.9894 
  
      
MI 2 -129.5388 -200.9746 3.3414 299.634 -141.7955 -22.4315 109.6911 -227.9946 61.2609         
TI 3 -149.2106 -430.9706 64.4457 264.688 -285.1446 42.2306 241.5734 -253.1379 59.9411         
  
-135.08 -404.0369 48.1696 269.8228 -256.6628 31.4903 226.9515 -238.1185 52.3792 
  
      
  
-124.5488 -376.8172 36.7247 272.0844 -227.7354 15.0342 209.7244 -223.137 34.5073 T A1 30.8777 -245.2576 65.423 
  
-113.8273 -349.7125 40.7405 273.9175 -220.0598 4.4441 182.3399 -203.8074 37.2868 T A2 54.3575 -251.6163 67.7291 
I 3 -107.5042 -328.5546 41.465 273.1498 -208.7954 -2.3142 177.7459 -199.7398 39.2248   78.6872 -253.4322 54.8406 
  
-95.1496 -288.646 34.5935 276.8893 -183.8781 -10.6297 164.1144 -191.7676 31.7777 T B1 97.1661 -255.1633 48.8521 
  
-89.7592 -260.9031 25.2827 279.2785 -165.0849 -14.58 146.8129 -182.102 21.4293 T B2 115.0955 -258.1587 47.0769 
  
-104.4584 -230.5938 -11.9692 282.161 -149.3259 -20.3606 132.0647 -172.2868 9.9918 
  
136.7688 -261.9348 39.167 
MI 3 -114.0931 -216.5523 -19.9499 286.7527 -137.0917 -31.6704 120.3989 -167.8342 1.393 T C1 157.0155 -265.6247 31.402 
TI 4 -111.9106 -483.5475 55.5915 205.2513 -297.0838 40.2308 279.7398 -217.3479 60.7754 T C2 171.8057 -269.0195 25.9685 
  
-96.2011 -451.8324 47.601 213.1434 -271.2464 34.5535 260.7406 -202.093 42.543 
  
197.7321 -273.34 24.9024 
  
-90.9687 -436.1245 37.8836 217.9808 -258.1511 26.0379 242.1222 -184.0802 26.2421 T D1 217.1983 -277.4302 25.3925 
  
-85.6113 -421.9421 27.7401 224.053 -238.6817 18.8246 215.6492 -165.3564 15.0738 T D2 228.2387 -280.8765 24.9419 
I 4 -77.8559 -402.9227 22.3453 231.5287 -213.5652 11.4221 207.7641 -159.275 7.2693   299.7057 -306.6598 18.821 
  
-71.8335 -366.895 15.4835 238.5364 -191.5107 -3.488 189.8264 -144.2487 -5.4765 Trs 353.5569 -331.0638 9.8769 
  
-64.5982 -342.0266 8.0096 245.0801 -176.5226 -12.3623 173.7091 -131.5944 -14.2259 End 378.2865 -342.9372 5.3993 
  
-59.5303 -289.0723 -9.5366 256.5673 -150.8751 -22.8721 168.3692 -136.9888 -37.5704 
  
      
MI 4 -101.4935 -238.2405 -54.1907 270.4712 -131.0493 -59.7045 171.0552 -155.711 -87.1437         
TI 5 -76.3958 -532.4651 32.4723 152.4063 -312.8354 39.2361 309.4082 -179.113 50.693         
  
-67.2021 -487.8969 27.9247 160.2583 -284.9408 35.8003 294.417 -164.7241 43.7969 
  
      
  
-63.3932 -460.9244 22.2731 176.2655 -228.2022 24.1382 277.4258 -151.4817 28.1505 
  
      
  
-63.3259 -439.6526 13.7768 189.0357 -198.2772 10.9145 257.6115 -134.7553 7.1107 
  
      
I 5  -61.5606 -426.4075 14.5611 189.8676 -196.0056 10.8236 237.8636 -120.9957 -2.1767 T A1 47.9163 -215.2926 63.7569 
  
-55.9798 -346.2542 3.1357 210.3587 -154.1702 -24.4963 224.9799 -112.9226 -10.1142 T A2 67.2995 -222.38 69.5446 
  
-53.9971 -302.1487 -8.8165 223.5365 -142.3758 -42.8302 215.1427 -110.6751 -27.2354 
  
88.988 -225.6757 59.9646 
  
-76.3303 -275.7701 -39.1433 231.575 -135.2783 -66.1895 205.605 -113.9263 -47.6454 T B1 101.8235 -230.278 53.876 
MI 5 -104.1608 -243.2167 -70.2949 253.3024 -146.3277 -90.1295 211.6574 -124.5579 -78.3873 T B2 116.0592 -235.5255 47.0463 
TI 6 -11.3807 -549.0433 -0.6994 92.2895 -323.9528 56.546 347.2181 -148.787 36.6439   138.4565 -241.6496 41.3005 
  
-21.6953 -526.2778 12.8584 105.1082 -269.9421 43.7799 335.6412 -136.924 30.5789 T C1 152.122 -242.8073 36.2497 
  
-19.5333 -462.471 5.3851 118.875 -235.6807 43.3998 322.575 -121.288 20.6666 T C2 168.635 -245.7314 32.5306 
  
-20.7436 -420.6741 4.9697 131.4024 -207.7165 31.7107 313.7965 -112.9681 9.2227 
  
196.5126 -253.7421 22.1725 
I 6 -19.1936 -413.0157 2.3109 155.8157 -168.203 -3.3395 308.8329 -103.9467 1.9628 T D1 208.771 -256.317 18.6047 
  
-26.5506 -341.644 -24.4217 168.6709 -150.4502 -31.7832 299.4524 -98.7451 -2.0837 T D2 221.0153 -262.8757 12.279 
  
-38.9566 -316.4245 -42.168 184.0741 -147.141 -57.4466 294.2285 -94.0825 -3.3778 
  
292.68 -292.0645 8.6905 
  
-53.5432 -300.2099 -60.0341 198.3816 -148.8991 -79.9668 264.3573 -92.7889 -10.975 Trs 354.1226 -320.3027 5.8464 
MI 6 -94.1594 -276.4324 -90.0516 237.6042 -161.8969 -99.5541 259.3991 -86.8338 -18.231 End 379.378 -337.3395 2.7811 
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7.3.6 Specimen “M3” 
  EO IO TrA RA 
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 230.0882 -109.7326 256.7277 439.1448 -220.4046 -0.127 352.6385 -127.1473 69.852 T A1 221.7323 -216.7374 52.0867 
  
207.7322 -101.6372 235.8851 431.5819 -205.7004 5.0685 348.1688 -126.4253 69.3585 T A2 234.1363 -195.3504 53.1212 
  
189.7923 -94.4349 222.3049 422.3812 -193.1583 9.3135 344.2203 -126.0914 68.6293 
  
268.0065 -163.2197 57.1838 
  
175.3156 -90.2096 210.7996 417.0849 -185.5354 12.5891 339.5377 -124.9483 66.5321 T B1 298.0602 -133.1939 55.7648 
I 1 156.8032 -84.7985 193.7451 412.4914 -177.1919 13.3971 335.6101 -125.0467 64.9541 T B2 312.007 -119.3934 49.7135 
  
140.2802 -82.0658 178.4774 406.3105 -167.456 15.8735 330.0753 -124.208 63.7528 
  
342.359 -89.2319 37.5906 
  
131.4595 -82.8422 170.6999 402.5219 -159.322 17.409 326.1488 -124.0873 63.0343 T C1 366.5958 -65.7259 36.0144 
  
125.3851 -83.2605 165.3553 399.0266 -152.394 18.1661 323.0821 -122.8851 64.3683 T C2 388.6262 -47.7665 32.5006 
MI 1 117.1145 -83.0918 158.8703 393.6748 -140.5979 18.9899 319.0771 -123.2791 63.8876   411.963 -25.3336 29.6563 
TI 2 243.66 -95.2452 241.3338 389.2693 -235.6782 9.2835 361.0958 -84.7473 64.9391 T D1 435.0038 -9.3717 26.1739 
  
220.7116 -90.6831 226.6902 379.0643 -223.6848 16.8061 353.9429 -83.9509 64.0685 T D2 448.6526 0.5453 25.7975 
  
176.5277 -83.2405 202.9909 368.3955 -209.5314 21.5563 348.3242 -82.9166 63.218 
  
491.6393 32.6992 14.22 
  
167.395 -73.7389 196.7125 357.131 -192.1065 23.06 341.6556 -82.0777 62.4862 Trs 520.5613 58.4644 5.4913 
I 2 149.5258 -70.7266 184.9166 348.3746 -172.6234 20.4105 338.6098 -82.5407 61.8776 End 529.1647 63.5978 3.8424 
  
131.3056 -70.8634 169.8444 344.1019 -164.5784 21.5425 323.3334 -80.9152 62.585 
  
      
  
114.5001 -69.8145 156.1122 340.8396 -155.3892 24.9676 314.8085 -79.5574 64.4973 
  
      
  
101.3514 -72.1678 147.0459 340.5284 -148.6055 28.6409 304.9404 -77.9157 68.9614 
  
      
MI 2 92.9434 -73.9834 142.1446 339.5545 -142.2877 34.0459 298.2863 -77.9613 73.555         
TI 3 278.1316 -73.3252 255.6708 340.1924 -261.8214 16.4971 373.7458 -38.5475 57.1944         
  
250.3278 -69.4918 238.2786 339.0002 -244.6672 19.4826 358.475 -37.9797 54.1287 
  
      
  
213.5406 -65.0753 215.5324 338.3432 -225.7543 24.241 346.4301 -37.7388 52.8775 T A1 203.5673 -191.7941 61.55 
  
188.4923 -61.3136 201.1125 336.6309 -201.4356 24.2598 337.7657 -39.0954 53.74 T A2 217.9892 -177.9352 60.9034 
I 3 165.5439 -58.1289 185.9689 333.656 -176.6436 21.2876 327.9182 -39.0655 54.8169   244.3034 -143.5136 67.4742 
  
124.5632 -53.6436 163.1622 332.2224 -166.7952 24.6217 306.6121 -34.0341 58.8126 T B1 286.5515 -104.9765 56.91 
  
96.2802 -64.8742 154.4418 329.7506 -157.5118 29.1731 292.2699 -32.1605 64.0189 T B2 302.9944 -90.2003 50.368 
  
80.2363 -68.9906 150.2382 330.3419 -150.087 31.092 277.7456 -29.4591 69.3969 
  
333.3957 -66.7585 43.6455 
MI 3 70.1967 -72.9555 148.2233 331.3458 -144.4048 33.2394 259.2632 -29.1903 69.3901 T C1 354.838 -50.8377 41.4552 
TI 4 300.6956 -61.8084 250.3218 287.3807 -283.2148 22.6787 386.2253 17.3836 43.3966 T C2 369.8293 -40.0456 39.6461 
  
257.6322 -36.6106 236.4489 291.361 -261.7649 24.5858 369.6528 19.7728 40.7098 
  
402.7577 -12.7848 33.9005 
  
221.135 -34.0339 217.7352 295.9197 -240.8792 28.8977 351.3669 24.6351 43.0587 T D1 436.5009 16.5526 28.9782 
  
192.8527 -33.0421 199.5844 300.5778 -220.2941 33.0419 327.4952 29.489 51.8883 T D2 448.8257 25.1987 26.4484 
I 4 163.5481 -34.0703 177.0757 303.4698 -189.8311 28.3888 303.3533 32.6592 51.1219   482.4424 44.7606 17.8598 
  
118.6448 -31.4019 144.4165 306.7578 -175.3823 27.8513 272.3846 35.6712 42.019 Trs 508.4586 60.6587 9.8364 
  
87.1428 -39.5976 122.5363 307.646 -164.5322 30.6184 247.5258 31.4662 26.4067 End 526.5545 69.8755 3.7629 
  
59.1487 -55.5852 123.9475 310.0395 -148.9292 31.202 233.4435 27.5166 14.8778 
  
      
MI 4 47.9273 -69.6218 130.123 314.1226 -139.3711 34.3277 220.2305 18.1208 -9.4046         
TI 5 349.1119 -16.1592 277.8157 239.0348 -299.9562 29.7941 404.6932 76.2433 38.4044         
  
300.0688 -19.2302 251.4507 250.4323 -260.8395 31.0838 380.9421 82.5005 40.7303 
  
      
  
250.4348 -23.0371 220.1279 258.2472 -242.6552 34.4664 362.9324 86.7374 43.8232 
  
      
  
217.834 -23.192 200.9524 266.5319 -219.8439 41.428 337.2018 95.4872 42.9192 
  
      
I 5  179.2404 -31.5661 177.4582 269.8597 -205.3132 36.4133 300.7956 105.3531 35.0674 T A1 177.6313 -176.3597 64.8807 
  
140.3762 -38.8011 155.5029 277.371 -176.5267 31.9227 290.8078 103.8319 27.5253 T A2 187.3999 -165.3805 62.2213 
  
101.3216 -47.2341 139.6665 281.7859 -160.7797 30.4572 279.7623 103.6515 14.9997 
  
238.3191 -122.0034 72.965 
  
60.9179 -68.0853 136.3184 286.3112 -146.1465 26.4191 277.5952 93.7952 -4.2171 T B1 271.5671 -92.884 62.0847 
MI 5 35.1311 -99.803 143.5825 291.2093 -134.0315 17.3675 267.667 95.4461 -18.8982 T B2 285.8485 -82.1021 56.4467 
TI 6 365.2436 61.0325 289.8983 188.5749 -321.8643 45.0827 421.5496 142.5954 32.8285   312.0737 -64.0327 49.9957 
  
268.2207 16.7736 229.3653 199.6102 -287.8085 41.9163 411.2744 146.9356 34.3769 T C1 326.2826 -53.0113 47.6056 
  
225.0504 3.1453 204.8578 211.3247 -256.1735 41.1398 395.9291 153.0769 38.1657 T C2 338.0636 -45.0125 46.6843 
  
196.2767 -7.0832 187.9428 222.4371 -233.9166 41.8129 384.4437 157.9336 38.3659 
  
381.838 -12.0238 35.0878 
I 6 183.0608 -14.82 179.5845 236.7695 -196.7824 36.9598 368.9053 162.1199 36.821 T D1 409.5764 9.4254 30.5503 
  
133.1174 -46.5818 160.328 246.358 -166.0462 28.7283 358.6423 163.9774 33.2421 T D2 425.2433 16.7339 30.8914 
  
100.2278 -75.3858 160.3176 252.3478 -151.015 19.274 345.2388 165.8261 31.8444 
  
477.1948 34.764 20.7308 
  
78.0177 -98.7463 163.4321 261.5307 -135.0172 1.5721 331.1835 165.3515 30.0003 Trs 512.5913 54.5175 9.2759 
MI 6 65.2991 -116.8312 152.4496 275.1294 -124.5033 -9.4608 309.8294 163.5629 36.6697 End 530.2182 59.8011 3.4542 
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7.3.7 Specimen “M1” 
  EO IO TrA   RA 
  X Y Z X Y Z X Y Z   X Y Z 
TI 1 157.2994 -312.6049 83.6564 432.8586 -330.1642 11.344 225.0838 -322.4304 95.8795 T A1 231.4985 -197.4463 75.4447 
  
140.9059 -290.8077 80.9718 420.7977 -310.253 8.0125 218.2908 -316.6719 96.0527 T A2 252.2779 -187.4155 77.5796 
  
120.7199 -268.186 78.4357 411.3257 -295.0119 7.7673 213.3661 -309.6509 93.8041 
  
266.7593 -169.3593 77.4885 
  
102.7782 -246.8517 89.7504 405.9537 -284.1319 6.6223 206.5664 -300.9074 87.0029 T B1 277.4499 -158.4055 78.2347 
I 1 82.1211 -213.9041 78.7273 400.5587 -270.2165 5.3976 199.6484 -294.6918 83.2878 T B2 287.0024 -147.4775 72.5244 
  
65.9783 -199.6589 57.5855 396.7809 -260.4296 3.3863 195.1916 -291.2231 82.0003 
  
307.2881 -122.7478 57.6484 
  
54.5142 -189.792 41.8665 393.8198 -252.1095 0.0884 190.622 -287.618 82.2406 T C1 330.5359 -100.8285 54.1699 
  
51.744 -181.9779 31.3547 389.7466 -245.1409 -5.4023 185.8522 -284.2501 82.4717 T C2 341.7251 -90.8855 51.1464 
MI 1 43.7692 -180.3599 23.6321 387.7811 -241.1356 -12.549 179.8933 -278.3699 84.3408   375.3525 -66.1771 52.9194 
TI 2 223.4222 -293.809 81.578 387.9742 -327.5999 14.7265 256.7039 -295.0947 82.5073 T D1 399.8828 -41.7697 49.8998 
  
200.9382 -263.4195 83.8025 382.9459 -311.0995 19.8354 243.3228 -283.7256 80.967 T D2 418.4269 -33.7648 40.702 
  
185.4237 -247.2664 73.0051 381.3427 -291.3584 19.19 230.9877 -274.5535 76.714 
  
486.2444 -15.9205 34.8789 
  
166.8127 -228.1824 65.391 381.598 -271.9883 17.1361 219.9554 -266.6687 70.7345 Trs 570.6429 4.2073 6.1941 
I 2 133.8835 -198.7411 70.2107 382.7943 -258.8235 8.0083 209.6595 -260.1322 66.5588 End 582.3174 9.7819 5.1994 
  
109.8823 -184.4923 79.9665 380.9576 -245.924 8.0535 199.4635 -251.5865 67.6815 
  
      
  
93.4332 -181.1984 62.3117 380.139 -234.368 0.5642 192.2858 -244.2146 68.981 
  
      
  
74.6948 -179.3685 43.2182 379.7205 -230.0219 -8.3209 179.3768 -232.1713 74.1885 
  
      
MI 2 54.252 -176.7862 24.4639 376.8517 -231.3684 -12.7044 170.9622 -219.2982 80.4578         
TI 3 281.3087 -275.3267 68.469 335.7159 -328.8839 35.9412 296.8763 -257.846 85.8628         
  
262.5786 -241.535 59.9729 343.6615 -305.3435 32.2692 281.905 -244.9346 85.2535 
  
      
  
231.3219 -208.9968 63.7065 347.9517 -282.4561 28.5949 266.4135 -232.5014 70.5146 T A1 211.0643 -158.1587 69.6925 
  
196.4645 -181.5698 60.7033 350.5033 -261.5396 25.8056 231.2159 -206.9523 53.5181 T A2 228.4594 -140.8136 72.5813 
I 3 177.9276 -168.3379 61.1107 354.3535 -242.876 17.961 216.1853 -194.6485 53.343   249.0834 -127.4902 79.5409 
  
150.9707 -158.7682 55.4401 355.7367 -231.8321 14.6717 204.2105 -184.7697 56.0787 T B1 261.0837 -119.9904 81.7313 
  
113.2054 -158.3962 31.8463 358.2179 -220.6437 5.1989 195.2559 -175.0275 54.1519 T B2 276.5068 -104.0786 70.8728 
  
76.4126 -159.4408 10.3595 360.6817 -210.0268 -6.4823 188.8742 -165.0086 50.0188 
  
295.8164 -82.3168 56.1636 
MI 3 37.9363 -171.9922 -23.0172 350.651 -214.7061 -21.9404 179.2146 -159.8817 42.2236 T C1 312.5078 -66.2339 50.6863 
TI 4 342.9185 -265.0297 55.2584 251.1455 -335.674 45.5722 332.1244 -215.7277 75.8042 T C2 330.9578 -49.6556 46.2583 
  
311.4391 -226.7041 52.1404 251.7013 -305.7221 46.4511 304.618 -193.1019 63.0304 
  
365.6669 -19.6769 36.7137 
  
277.4635 -195.998 46.0405 262.9715 -263.8073 40.8061 283.2322 -174.6231 55.6035 T D1 390.4322 -3.6852 31.6187 
  
234.3889 -164.827 52.2577 273.0677 -227.4063 22.7372 249.6998 -149.6354 46.462 T D2 409.6903 4.8571 23.7584 
I 4 218.0124 -156.7798 53.0457 278.338 -208.8123 25.6541 241.832 -144.6134 47.1813   477.187 10.8205 28.7209 
  
171.9499 -142.3086 46.4766 283.8208 -194.6667 6.2698 224.6006 -132.3913 40.5397 Trs 570.0612 12.971 1.2119 
  
115.0279 -148.9872 11.3189 302.2929 -185.4818 -10.1801 206.3833 -122.1916 22.1158 End 582.0892 16.7306 4.5184 
  
85.5147 -157.1493 -5.7847 317.2641 -178.3889 -28.81 197.7924 -124.4891 -7.8482 
  
      
MI 4 63.6196 -161.2951 -19.9846 318.493 -195.9221 -46.1623 202.5117 -133.5873 -41.1459         
TI 5 401.3576 -250.7732 35.441 210.3458 -342.083 62.7789 371.2696 -181.0825 67.8749         
  
377.6186 -220.7171 38.1939 218.9595 -316.4712 61.0653 359.0084 -165.1488 64.6873 
  
      
  
351.0253 -186.6262 39.2973 227.3183 -294.7288 54.4059 341.712 -147.6765 54.9064 
  
      
  
325.752 -159.9226 37.082 236.7913 -270.2159 45.0838 312.3352 -117.7253 39.905 
  
      
I 5  300.7831 -144.8619 26.5076 261.9748 -205.2545 27.9833 288.7069 -95.191 20.1885 T A1 220.9672 -178.6767 74.3166 
  
264.1279 -127.1366 19.9289 268.5999 -191.8417 19.3514 279.7081 -81.766 2.5762 T A2 230.9857 -167.8864 77.7849 
  
240.7611 -118.5708 18.3837 287.6949 -177.1824 -10.3864 273.9472 -83.0876 -21.7556 
  
256.7512 -150.7029 84.0178 
  
159.7526 -125.2905 -12.6388 302.442 -173.4554 -35.5748 270.4263 -91.0219 -41.6256 T B1 270.5087 -133.8216 79.7435 
MI 5 61.4877 -162.7727 -47.9025 315.3878 -194.0529 -58.29 286.7291 -94.9245 -60.5955 T B2 280.5132 -121.9722 71.8045 
TI 6 455.8186 -215.9689 10.7952 153.3746 -347.4189 57.8257 415.4858 -151.1853 44.2316   302.1995 -100.6752 53.1139 
  
397.5652 -195.3864 20.426 162.84 -310.3944 54.5611 403.4887 -137.6244 46.7225 T C1 326.7399 -78.0177 49.4977 
  
352.9704 -156.7083 16.5108 179.3929 -266.641 43.1059 386.9408 -120.3099 39.7951 T C2 343.3859 -65.0689 46.8201 
  
338.9587 -144.3118 13.7629 199.3539 -216.4311 39.0236 358.3374 -96.8646 33.6116 
  
370.241 -46.0918 44.1721 
I 6 329.3931 -136.931 10.0049 212.463 -186.1427 21.8128 340.9238 -83.1564 23.0008 T D1 393.0543 -25.5231 41.3276 
  
244.8317 -104.7369 -25.3168 237.4321 -162.9566 -12.8411 331.459 -86.4034 15.5956 T D2 409.0699 -18.1848 34.6143 
  
189.9743 -118.9314 -42.6938 259.6027 -161.4205 -37.6893 323.8426 -86.1417 6.1051 
  
487.1254 -2.8341 29.9781 
  
140.1883 -141.9948 -55.1338 281.429 -173.1712 -61.868 319.0756 -88.179 -1.8858 Trs 578.6344 13.0352 2.4439 
MI 6 99.9668 -153.2487 -63.4017 316.7509 -194.3609 -83.2065 314.446 -91.7707 -8.1077 End 583.7213 12.4893 4.5075 
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7.3.8 Specimen “dent” 
EO IO RA 
  X Y Z X Y Z   X Y Z 
TI 1 81.46 310.35 48.36 404.68 -258.49 10.01 T A1 249.61 -119.72 44.56 
  70.53 285.87 54.67 397.68 -244.83 11.91 T A2 268.20 -116.12 41.89 
  65.75 272.61 57.82 390.02 -227.93 12.26 
  
280.95 -104.33 45.49 
  59.32 252.91 60.38 383.95 -217.89 12.73 T B1 290.51 -90.48 50.84 
I 1 57.22 242.31 57.53 379.68 -205.60 12.36 T B2 303.03 -79.65 49.40 
  54.69 225.78 46.71 376.36 -190.10 14.83 
  
322.41 -61.65 40.15 
  54.94 215.20 39.10 367.74 -173.42 12.15 T C1 338.61 -46.09 31.87 
  57.00 185.87 22.38 353.53 -144.04 8.46 T C2 352.78 -35.78 30.66 
MI 1 60.82 166.68 8.96 353.53 -144.04 8.46 
  
375.95 -18.29 28.22 
TI 2 31.13 356.80 35.46 347.71 -257.70 16.90 T D1 395.66 -1.58 19.42 
  24.46 328.82 37.37 350.27 -243.42 25.47 T D2 413.94 11.11 17.54 
  16.57 296.27 41.71 351.23 -225.72 29.99 
  
476.10 45.21 1.79 
  11.03 265.23 48.42 350.03 -211.04 30.07 Trs 517.79 71.76 -15.87 
I 2 11.61 243.55 50.94 347.10 -191.46 27.01 End 534.85 85.03 -9.31 
  20.53 221.06 40.58 345.55 -179.31 25.84 
  
      
  26.69 207.61 30.82 343.79 -166.37 21.33 
  
      
  34.57 187.89 14.85 343.79 -151.77 21.43 
  
      
MI 2 48.20 162.78 -7.57 343.62 -139.28 10.36 
  
      
TI 3 -8.19 386.28 19.83 307.48 -260.13 23.39 
  
      
  -12.47 356.36 25.66 311.92 -239.91 29.86 
  
      
  -16.04 326.24 31.16 316.71 -213.94 36.69 T A1 217.52 -98.04 44.31 
  -16.60 300.29 34.11 319.80 -188.68 36.47 T A2 224.66 -89.30 47.28 
I 3 -17.32 269.50 33.85 316.69 -175.85 33.71 
  
244.44 -68.42 46.25 
  -15.65 244.34 39.03 317.89 -163.43 28.14 T B1 258.24 -56.38 46.38 
  -7.34 221.79 28.89 319.77 -149.33 26.74 T B2 270.14 -45.94 51.02 
  14.92 183.41 -3.52 322.48 -142.50 19.98 
  
298.55 -23.36 47.38 
MI 3 35.55 159.76 -25.63 322.01 -138.56 10.32 T C1 315.10 -11.11 42.88 
TI 4 -55.21 428.57 6.82 254.44 -261.73 38.62 T C2 337.12 4.89 36.01 
  -60.52 402.08 18.26 257.83 -236.70 42.02 
  
355.97 20.84 25.20 
  -65.12 363.42 23.36 261.41 -210.94 39.88 T D1 372.51 34.90 18.32 
  -63.93 322.53 23.63 266.31 -188.18 42.76 T D2 387.98 43.79 16.26 
I 4 -51.92 287.14 17.47 268.49 -178.29 39.61 
  
448.63 68.18 11.66 
  -45.68 254.84 18.89 272.95 -157.41 32.37 Trs 504.66 83.57 -17.58 
  -25.27 216.73 -1.16 280.20 -132.04 18.79 End 525.71 94.91 -11.69 
  -9.14 194.83 -19.43 284.50 -119.10 0.36 
  
      
MI 4 18.52 173.90 -55.66 285.25 -125.46 -16.10 
  
      
TI 5 -102.50 474.30 2.52 217.29 -263.14 47.79 
  
      
  -97.13 438.05 2.11 222.84 -246.18 49.73 
  
      
  -94.40 396.64 13.19 235.81 -215.54 52.03 
  
      
  -81.89 348.13 19.65 242.36 -195.17 46.88 
  
      
I 5  -71.71 304.10 13.90 248.95 -176.98 43.77 T A1 217.52 -98.04 44.31 
  -59.45 258.46 6.39 258.98 -151.26 31.06 T A2 224.66 -89.30 47.28 
  -31.83 220.41 -23.88 269.00 -127.90 14.84 
  
244.44 -68.42 46.25 
  -18.34 200.99 -38.06 274.83 -117.86 -3.85 T B1 258.24 -56.38 46.38 
MI 5 18.31 180.41 -72.98 274.64 -119.70 -26.33 T B2 270.14 -45.94 51.02 
TI 6 -154.11 451.53 -18.96 171.41 -266.31 50.52 
  
298.55 -23.36 47.38 
  -143.66 421.16 -14.92 184.11 -226.73 58.37 T C1 315.10 -11.11 42.88 
  -130.84 361.13 -5.09 195.74 -199.52 61.29 T C2 337.12 4.89 36.01 
  -116.32 329.79 2.25 207.81 -167.87 50.32 
  
355.97 20.84 25.20 
I 6 -110.82 313.99 1.00 221.43 -148.30 35.92 T D1 372.51 34.90 18.32 
  -91.28 272.51 -10.93 236.97 -126.64 19.85 T D2 387.98 43.79 16.26 
  -72.18 244.06 -22.35 246.07 -116.26 4.78 
  
448.63 68.18 11.66 
  -26.93 211.59 -66.32 255.20 -111.38 -18.45 Trs 504.66 83.57 -17.58 
MI 6 -6.03 202.80 -83.27 259.32 -120.77 -39.48 End 525.71 94.91 -11.69 
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7.4 Raw rat three dimensional co-ordinate data 
7.4.1 Specimen “1” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 269.4924 -74.037 50.1112 226.7141 -167.9416 50.4367 253.3122 -192.6097 47.8329 
  
270.3492 -71.3287 51.2343 233.398 -165.5921 52.7146 255.2226 -191.2121 49.0702 
  
270.8357 -69.2894 51.7746 241.1916 -162.2613 55.0251 256.2617 -190.3031 49.6319 
  
270.7181 -66.464 52.481 245.1016 -161.9349 55.2795 257.1378 -189.6839 49.8096 
I 1 271.6192 -60.2721 53.4466 249.5599 -161.1629 53.6315 257.3387 -189.634 50.0363 
  
270.6256 -53.0021 52.814 262.705 -159.4024 52.1752 261.2723 -187.9227 50.2127 
  
268.8177 -47.4786 51.1792 269.4097 -158.014 50.5318 263.7684 -186.2352 50.5893 
  
265.332 -42.7297 48.8151 273.5841 -160.0307 36.5974 268.0357 -183.3286 51.1235 
MI 1 260.6401 -35.1429 42.8899 268.8736 -164.6632 11.6491 272.332 -179.6862 51.1624 
TI 2 273.712 -73.8168 50.7079 228.6551 -173.3331 49.6062 259.0997 -205.9108 46.9196 
  
272.5168 -71.29 50.7212 232.2563 -171.6676 52.0711 261.2099 -204.6172 47.9228 
  
272.2267 -67.0771 51.8173 239.2628 -168.8468 54.5456 262.0333 -204.1518 48.5036 
  
271.4456 -64.9763 52.3975 247.5218 -166.1994 53.7622 263.0049 -203.6242 49.0049 
I 2 271.4366 -60.9056 52.9089 252.5 -166.0512 52.4308 264.396 -202.3614 49.0242 
  
269.8691 -53.5529 52.4654 262.6326 -165.7149 53.5516 270.1038 -196.968 50.8771 
  
268.3145 -49.4589 51.0276 273.7868 -166.9591 51.8324 274.7528 -191.3264 52.0238 
  
266.4975 -41.3876 47.0473 280.0713 -168.5338 44.3695 278.2169 -187.717 52.4294 
MI 2 262.0087 -32.5779 39.5772 283.9791 -171.8896 32.6384 283.3324 -181.5986 52.0546 
TI 3 281.4013 -77.3542 49.5164 239.7412 -188.3129 48.8409 259.6392 -209.7225 45.0928 
  
280.4166 -73.5008 50.3662 245.7594 -186.3744 50.5299 261.3485 -208.903 47.1714 
  
277.4951 -69.0006 50.8281 253.0923 -184.3334 52.3217 262.8789 -207.5914 47.8856 
  
277.9248 -65.308 51.1752 256.4086 -184.8067 52.8178 264.2461 -207.1889 48.6552 
I 3 278.1314 -62.8291 51.4989 260.261 -184.6768 53.2491 265.8468 -205.7933 48.1272 
  
274.5109 -52.2278 51.825 269.744 -184.8411 55.3166 272.9405 -199.7341 51.0077 
  
270.0887 -43.8731 48.9773 278.7026 -185.7716 53.5435 279.2671 -194.3796 53.6692 
  
268.189 -36.1233 44.4229 287.4597 -187.9507 44.9756 283.2967 -189.9225 53.8359 
MI 3 265.3658 -30.2435 37.2256 287.4301 -191.3561 18.737 290.4906 -180.0874 49.3795 
TI 4 295.0216 -85.6402 48.0313 251.9875 -200.1069 48.0269 266.8223 -222.2798 44.4001 
  
294.0733 -81.0171 48.9149 254.8401 -199.0027 49.0446 268.3855 -220.9011 45.0313 
  
292.125 -75.7066 50.2789 258.6629 -199.2112 49.6178 269.714 -220.0616 46.8285 
  
290.5936 -70.6391 51.0841 262.4268 -199.5294 51.1996 270.9965 -218.8462 47.2696 
I 4 290.0212 -68.4978 51.6083 267.4371 -200.8386 52.6488 274.1408 -216.2727 47.5094 
  
285.0817 -54.5853 51.8887 273.3445 -200.8921 52.6601 284.0026 -206.6901 52.6955 
  
277.2384 -44.0603 48.364 279.7993 -200.9924 51.3357 291.9912 -194.7118 54.3311 
  
272.7741 -33.5971 40.3873 287.2443 -203.5011 38.9908 297.77 -187.6429 51.3396 
MI 4 267.4394 -29.061 32.0442 287.7926 -202.86 22.6218 298.9627 -179.981 44.4712 
TI 5 307.87 -95.3068 44.23 258.2585 -208.8041 46.6994 274.3283 -229.8494 43.9519 
  
306.0403 -90.64 46.201 261.9998 -207.8122 47.7069 276.4204 -229.5489 45.8261 
  
304.7017 -83.8002 48.481 265.9475 -207.2925 48.9861 276.833 -228.9051 46.7949 
  
304.0644 -80.5143 49.3951 268.1115 -207.3215 49.6044 278.5709 -227.025 45.9421 
I 5 302.7076 -77.0841 50.2259 269.2316 -207.0013 50.136 280.3329 -225.7643 45.1604 
  
297.268 -65.0912 52.8311 273.6754 -207.3331 51.0171 288.5112 -220.0016 51.9412 
  
292.5854 -53.7607 51.693 279.8941 -207.9315 49.6739 300.4617 -207.5217 53.0688 
  
286.9559 -40.3392 46.4213 284.7332 -208.2564 42.2661 306.7729 -197.3613 45.0505 
MI 5 271.2534 -28.4748 27.2034 284.5911 -208.7561 24.4068 303.2018 -191.4758 20.8582 
TI 6 321.0732 -101.8112 42.1235 261.0735 -217.6262 42.759 278.2554 -233.1973 43.7709 
  
319.5856 -97.383 43.2784 264.2599 -216.6103 44.5833 279.5652 -232.674 45.0874 
  
318.2022 -94.0381 45.3526 267.2608 -215.5677 45.9654 279.8725 -232.1334 46.0421 
  
317.5145 -90.629 46.2535 268.9255 -214.3995 46.5013 281.2624 -230.8158 46.6046 
I 6 316.8054 -88.2755 47.2292 272.2087 -213.424 47.8531 282.8696 -229.5871 45.7349 
  
303.5497 -70.042 51.9935 277.4044 -213.3546 48.5853 288.0715 -226.7231 50.5014 
  
289.9383 -51.9275 50.8785 283.1529 -213.7926 44.3614 299.6449 -219.377 51.0267 
  
280.8438 -37.3323 44.3072 284.6935 -214.8317 35.7467 308.4984 -219.4019 40.8247 
MI 6 271.99 -27.2936 25.6644 285.1996 -216.0965 23.9471 308.2472 -217.7252 22.6235 
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7.4.2 Specimen “2” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 309.2353 -103.5502 45.1204 297.11 -79.6993 45.8663 294.8037 99.5507 44.1775 
  
309.835 -99.3706 48.371 301.262 -73.0011 48.0404 294.6552 101.9061 45.1632 
  
309.0081 -95.0151 50.9357 304.9084 -66.85 48.9634 293.2166 104.7444 46.0698 
  
308.9766 -92.278 52.2638 307.9663 -60.6194 49.3145 292.6369 106.156 47.3383 
I 1 308.2878 -90.0163 52.7411 311.0652 -57.9578 46.3852 292.4441 106.481 47.3126 
  
302.1762 -78.1474 52.1417 318.0146 -48.6283 40.6321 289.3284 112.0527 48.1295 
  
293.9221 -69.89 47.7934 323.1757 -43.0922 31.7328 288.0191 116.1724 46.7556 
  
288.8636 -65.9126 44.6389 328.0982 -42.1557 18.1723 287.6512 118.3122 46.0632 
MI 1 285.4088 -60.7259 39.1781 330.023 -40.7993 7.966 286.8042 119.6188 46.2461 
TI 2 317.6904 -101.5907 43.5086 309.8659 -79.4148 47.2998 308.5595 102.3765 45.4155 
  
317.3339 -97.4392 45.4511 311.2405 -74.6531 49.618 307.9318 103.9456 46.0136 
  
317.5256 -94.1367 47.6645 313.2105 -70.5104 50.0801 307.576 106.0115 45.859 
  
317.1566 -91.0624 49.034 315.5191 -63.8519 48.8687 307.3582 107.0287 46.0049 
I 2 317.2963 -88.5902 49.8863 317.8899 -60.5721 47.2734 306.5247 107.1986 46.8534 
  
312.6808 -79.2921 52.2033 322.2981 -54.8657 45.3565 301.2439 113.9966 47.6525 
  
305.8527 -72.2872 50.5232 326.8108 -49.2109 40.1842 295.9525 120.1838 46.5622 
  
295.7713 -64.8751 44.8247 334.1868 -43.9286 31.6184 292.2273 124.8111 44.2528 
MI 2 291.9742 -63.4275 42.4465 340.1229 -42.7228 10.5531 287.6693 126.9109 39.7025 
TI 3 329.3316 -102.3029 44.0946 328.0382 -85.0726 44.1184 323.382 107.5848 44.3788 
  
327.7192 -97.5876 44.9877 331.3978 -80.5327 46.4376 323.2689 109.4349 44.1217 
  
325.7496 -94.8441 45.8207 334.9525 -77.3307 47.1175 322.306 110.1289 43.8553 
  
324.6743 -92.7529 46.1309 336.5661 -74.6193 46.9575 322.0524 110.8559 43.3812 
I 3 323.5039 -90.4858 46.4323 338.7582 -71.6338 47.1299 321.2707 111.8442 42.4596 
  
317.3021 -78.0871 49.9347 346.1808 -66.4693 47.408 316.4592 118.7131 43.9881 
  
310.5435 -68.5636 48.983 351.864 -62.3857 46.1651 312.5605 124.7625 45.486 
  
300.5945 -63.4031 45.2861 357.7896 -58.719 41.4918 300.7795 137.6482 38.0031 
MI 3 295.3235 -60.0125 41.4323 364.6135 -57.1495 22.8925 292.7148 143.0279 17.1308 
TI 4 335.7859 -103.217 44.6545 335.586 -90.8067 44.2769 331.7592 110.4008 43.7835 
  
334.5419 -98.0493 46.653 338.4902 -87.2884 44.8597 331.1857 112.0264 43.7715 
  
333.3424 -94.9943 46.8627 340.2433 -83.398 45.6123 330.9588 112.988 43.4234 
  
333.0565 -92.5629 47.5184 343.1542 -80.3572 45.9727 330.4548 114.3348 42.6145 
I 4 331.1774 -90.744 47.1467 345.3794 -76.1262 45.9748 329.6552 115.5028 42.6 
  
325.1347 -80.5569 48.8645 352.6715 -69.9845 45.5637 325.4018 123.8189 44.8856 
  
316.6479 -70.937 49.2261 359.4546 -65.6525 43.289 314.5362 137.9356 44.6171 
  
306.6721 -63.0734 46.0319 364.3261 -62.2898 37.4304 305.8764 147.8775 30.9353 
MI 4 290.1552 -55.6666 31.3522 364.271 -62.8925 28.8909 304.9129 150.2856 9.9198 
TI 5 347.3549 -107.8068 45.3056 346.8018 -93.0318 44.6502 351.5721 114.4674 44.5229 
  
345.3304 -104.1079 46.3985 348.3914 -90.9405 45.2243 351.1361 115.6349 44.1818 
  
345.1467 -101.0545 46.8382 350.4953 -88.147 45.3388 350.7774 116.8628 44.0075 
  
344.2347 -98.678 47.4541 353.3179 -85.4263 45.2921 350.3863 117.2729 43.263 
I 5 343.7648 -97.4073 47.154 355.6215 -83.4271 45.6654 350.3205 117.6018 43.0102 
  
334.2635 -81.4668 48.7671 362.7299 -77.1102 44.1205 346.0137 124.406 44.3447 
  
319.5118 -65.5391 46.0944 368.181 -72.0879 41.2862 339.8347 135.6658 46.1829 
  
308.9174 -57.5411 37.4176 369.5182 -70.0228 34.7137 329.593 149.7738 37.5593 
MI 5 295.063 -53.9345 25.7763 370.6407 -70.3949 28.8782 326.2256 154.3824 13.3035 
TI 6 360.8383 -114.089 47.0542 363.8708 -101.0702 43.63 368.2263 118.5906 43.5707 
  
359.1176 -110.7503 46.6401 365.7268 -98.09 44.793 367.8868 119.7286 43.4404 
  
357.3452 -108.3416 47.0884 367.4417 -96.7097 45.4383 367.4519 120.7983 43.0366 
  
356.4144 -107.0934 46.7116 368.5991 -95.2148 44.8208 367.0096 121.7101 43.2228 
I 6 355.1479 -105.1427 46.389 370.1297 -93.8226 44.6323 365.4851 123.8311 44.0379 
  
344.0315 -91.7438 48.3341 374.4182 -88.4062 43.6469 361.7373 130.8696 43.1999 
  
326.1921 -71.6954 48.3368 376.9728 -85.0974 40.9233 356.8322 137.6443 41.416 
  
307.6294 -60.3293 41.8724 377.8444 -85.0201 37.4569 350.9627 142.4738 37.1614 
MI 6 293.1216 -54.6254 26.3454 378.7 -87.6802 30.7321 348.5843 146.8457 21.6718 
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7.4.3 Specimen “3” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 300.9509 83.0833 34.7479 325.3411 -48.4692 43.4057 313.6982 114.0701 36.0253 
  
300.6989 86.47 34.9177 330.5683 -41.2923 40.6485 313.5708 117.5608 36.8177 
  
299.3166 88.7142 34.4239 333.4748 -35.184 38.4039 312.9739 117.9742 35.9066 
  
297.4023 91.6127 33.9743 336.5194 -31.066 35.7881 312.6681 118.5248 35.5063 
I 1 295.2865 96.5457 34.0981 338.7896 -27.9064 31.9126 311.7546 119.7403 35.2033 
  
288.3932 105.6422 35.0087 342.8698 -22.2381 26.6743 305.8972 127.8332 37.2967 
  
282.3997 111.7938 37.3092 346.7832 -17.6629 22.0542 299.6127 133.6101 38.5559 
  
278.3983 116.3572 35.6556 348.6527 -16.6343 13.9326 296.1539 137.2204 37.9743 
MI 1 274.9269 119.3478 34.2855 351.5586 -24.5589 1.6526 292.4453 141.3872 36.9844 
TI 2 305.5818 83.0628 33.7297 334.5388 -49.0743 35.0406 326.1881 117.2994 35.8422 
  
305.0068 88.354 35.6015 336.5667 -43.4889 35.1996 325.684 119.1606 35.5687 
  
302.5093 92.0815 35.205 339.308 -37.0635 34.7099 325.3819 120.0526 35.3736 
  
300.3098 94.866 34.7195 341.4016 -33.0532 32.6347 324.8514 121.3004 35.1788 
I 2 299.233 97.9401 34.5481 343.089 -29.2357 30.877 324.4495 121.7821 34.2127 
  
293.6293 104.9799 35.7526 349.6574 -22.1039 26.4956 317.5062 129.1427 32.4448 
  
285.9228 112.5058 36.7933 354.1924 -17.7936 20.6457 310.3639 134.4021 31.526 
  
280.1684 116.7118 36.2169 357.4163 -19.3733 12.1677 305.3332 140.0613 32.3987 
MI 2 274.9927 114.1397 37.2183 361.0326 -24.9533 0.5384 302.1747 141.9592 31.5179 
TI 3 316.7773 82.9816 34.5229 355.4848 -53.5591 33.5198 335.0186 120.5528 33.9602 
  
314.4353 86.382 36.3753 357.1168 -48.4218 33.7976 334.355 121.5572 33.7903 
  
312.1339 90.7096 37.4134 358.8071 -44.3586 33.5747 333.4001 122.9797 31.9382 
  
310.5676 92.7984 37.5963 360.5945 -39.522 32.2347 332.2287 124.1951 31.1498 
I 3 309.4545 95.685 36.9314 361.8854 -37.2989 30.0415 332.3818 125.6174 31.1551 
  
301.0184 105.4743 36.2608 366.5136 -30.8319 27.6444 323.9861 132.8976 28.2762 
  
292.9493 112.9073 33.547 370.6895 -25.3867 23.4373 315.5735 142.6377 29.0865 
  
286.6396 117.4005 31.8318 372.3554 -23.0615 16.0761 305.1477 150.4563 19.9033 
MI 3 277.5691 122.9048 29.2628 370.3484 -29.2959 2.7018 299.6122 151.9387 6.4631 
TI 4 324.0564 81.7808 35.5564 365.5457 -55.5806 35.0591 349.2553 119.4276 34.3879 
  
322.5781 85.7255 39.39 368.2806 -51.6192 36.1309 348.8269 121.2297 34.2121 
  
321.6255 88.9422 39.2806 369.8625 -48.2294 36.9318 348.3974 122.4579 35.0635 
  
320.4645 91.3897 39.8449 372.873 -44.1392 35.576 347.7499 122.5679 33.7309 
I 4 318.7237 94.8969 38.8927 374.1613 -42.2361 32.8951 347.5102 123.1891 33.8162 
  
309.1128 104.7975 34.9011 378.1818 -35.9545 30.2796 342.1409 132.4519 31.2048 
  
302.9597 110.6958 33.3232 379.599 -32.4965 27.3122 333.1387 146.9841 26.7803 
  
295.2527 115.9597 31.6665 382.6255 -30.5495 19.3785 327.8715 151.2399 15.8782 
MI 4 278.9031 125.0724 24.6309 382.2161 -34.0177 10.1012 325.8334 149.4195 -0.6866 
TI 5 336.2755 78.6321 39.3754 380.9463 -58.6101 37.8151 369.8999 125.4104 39.566 
  
334.7376 83.1494 40.401 382.7646 -54.2202 39.0204 368.9089 126.9765 39.6725 
  
331.8452 86.6241 40.4922 383.7695 -51.3256 38.5338 368.5835 128.5485 39.7986 
  
330.192 89.0779 39.7992 384.9916 -49.7274 38.4726 367.4102 128.9168 39.1403 
I 5 329.0393 91.9733 38.5967 385.2142 -49.415 37.7543 367.0009 129.8891 38.6237 
  
316.1813 102.2393 34.3862 387.6966 -45.9129 36.6722 359.7393 140.7359 33.9326 
  
307.503 110.4005 31.6498 389.694 -41.9916 33.7961 352.9097 148.9818 27.1422 
  
295.5919 119.1418 28.1918 391.0964 -38.8025 28.8669 346.5237 154.7308 14.9572 
MI 5 278.2763 126.1367 22.0112 393.946 -41.2713 16.2823 347.6815 149.9547 1.5851 
TI 6 352.5313 76.5436 42.9625 391.8052 -63.6562 40.1334 385.4675 129.181 41.5675 
  
351.3528 78.3615 42.0415 391.8765 -58.8994 38.307 383.7807 131.0022 40.6206 
  
350.1235 80.7088 40.5484 392.2974 -57.0804 38.4283 382.7059 132.0494 39.9673 
  
349.5052 82.3109 40.1864 393.538 -55.676 37.9734 381.9281 132.8435 39.0939 
I 6 348.4091 84.5098 40.2631 394.4387 -53.5478 37.5238 380.7632 133.9369 37.8711 
  
333.4532 94.7624 38.1236 396.5015 -49.0635 36.1636 376.9883 139.672 35.7254 
  
308.0621 110.8067 31.1179 398.7825 -45.8169 32.5907 373.7795 143.1668 32.3477 
  
292.1743 121.4076 25.6493 398.6989 -45.82 27.8178 370.8673 145.4561 24.9254 
MI 6 277.8914 126.2889 13.6865 399.8263 -47.1659 23.0163 369.6727 144.8382 21.0226 
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7.4.4 Specimen “4” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 194.1611 228.6553 43.968 305.0322 127.2856 41.0916 294.7951 105.9309 44.6158 
  
196.6345 234.8917 46.1126 312.7183 121.4246 46.9854 297.0457 105.6244 45.759 
  
200.4566 241.3617 48.3016 317.2559 116.2136 47.5084 298.7315 105.6341 46.462 
  
203.8619 246.8319 49.2729 321.0854 112.4769 46.0492 299.4444 105.2952 46.7999 
I 1 206.1533 250.6434 50.1551 326.2575 108.2138 45.1638 300.323 105.4359 46.4774 
  
210.179 255.7794 50.2378 333.927 98.2404 45.1891 303.4138 105.2275 46.5763 
  
214.2499 261.3439 50.4034 338.9464 90.5345 43.2333 309.3773 105.0411 45.3995 
  
218.3183 267.6978 47.8454 342.1103 80.5631 29.3653 312.34 105.2513 44.9673 
MI 1 221.4017 284.4916 44.1938 340.8894 77.6831 13.8921 319.0182 105.6757 45.3562 
TI 2 191.612 224.6965 44.0405 301.7061 118.8145 42.6871 291.9212 94.6094 44.0852 
  
195.0906 234.5303 46.3029 307.3798 111.9313 46.8684 293.6113 94.4521 44.8757 
  
198.5473 241.9066 47.8794 311.1791 106.768 46.5586 294.9263 93.9558 45.4375 
  
202.9033 247.2074 49.5592 313.3964 102.1702 44.9569 297.751 93.971 45.7368 
I 2 206.9314 251.5883 49.8275 317.4377 98.0203 43.6968 300.1075 93.5809 44.9929 
  
211.7812 256.7878 50.6044 322.1098 84.9062 43.1561 307.113 93.2738 43.0044 
  
216.0667 262.5222 49.9771 325.2169 73.0007 39.9034 313.812 94.0924 42.7023 
  
217.931 269.3861 46.1826 325.3542 66.1274 28.0097 319.5777 93.6195 42.8558 
MI 2 218.6501 273.4869 40.588 325.2449 63.8778 15.2107 330.8676 95.1674 42.567 
TI 3 192.5986 217.3478 44.6358 292.3393 105.1386 41.6072 292.5034 83.6854 44.3391 
  
197.0256 224.2889 46.3918 295.4883 101.2986 44.7635 294.1626 83.463 45.3454 
  
199.1876 232.459 47.3957 298.3507 96.736 45.7762 295.2567 83.3982 45.0114 
  
203.0366 241.3255 48.6669 300.9151 93.3201 45.6563 297.4753 82.8618 44.512 
I 3 207.8554 247.9879 49.2575 303.7116 88.0081 43.2056 301.052 82.7636 44.5659 
  
214.3275 255.7488 50.9139 307.9974 79.9557 42.1663 312.7182 81.8733 41.7649 
  
218.6852 262.3196 49.1927 311.7732 72.8093 40.7069 327.6693 82.0898 41.4519 
  
220.4089 265.7545 46.2646 314.3048 67.7934 34.1392 341.9652 80.9273 36.5482 
MI 3 224.1528 274.0897 39.7144 313.6655 55.7418 21.3951 346.3856 82.3778 15.4393 
TI 4 195.7066 209.5358 44.239 285.0329 92.1585 38.6263 291.0616 79.4313 44.2863 
  
201.5942 214.5518 46.8244 287.8222 87.3656 41.0627 292.9432 78.7098 43.7165 
  
205.9747 217.9759 47.3103 290.9599 84.1158 41.8675 296.0724 78.2307 43.0947 
  
209.4665 221.3852 47.0039 292.6943 82.1569 42.5268 297.164 77.8048 42.7392 
I 4 211.2716 223.056 46.1658 293.9692 80.3631 41.0922 299.8537 77.583 42.984 
  
220.9422 233.2606 47.1837 298.3323 74.4865 43.7821 308.5461 76.8494 41.9278 
  
229.4654 247.3284 47.9545 300.2782 70.1357 41.1048 321.9568 75.0085 40.5824 
  
231.7603 260.9526 39.5369 302.6263 64.9923 36.4931 336.4063 72.5593 34.2498 
MI 4 229.6885 268.3885 33.9183 306.5709 55.0639 25.0351 343.1184 72.4531 14.9191 
TI 5 194.2859 199.6809 39.8343 279.338 82.0564 38.473 285.2044 67.585 41.0291 
  
199.6715 204.6026 43.5497 281.424 79.3334 40.7065 287.8755 66.6492 40.8681 
  
203.2752 208.3559 44.8687 283.6751 77.234 41.5791 291.6793 66.2453 39.5349 
  
206.007 210.7903 45.1984 285.3126 75.0072 41.7433 294.0518 65.8216 39.1109 
I 5 207.7577 211.5997 44.5913 286.1015 72.4943 42.3423 295.6861 65.312 39.3921 
  
217.7328 222.477 45.0947 288.5172 69.0769 43.5465 302.7211 64.3452 40.9271 
  
225.8135 233.0524 48.1295 291.0793 65.6626 41.608 307.1815 62.7513 39.0199 
  
234.491 250.7955 42.2448 294.8744 61.1989 39.8004 319.0801 62.2251 29.6813 
MI 5 235.2641 262.87 31.4776 297.1475 56.7206 24.8402 330.6791 60.7933 25.9656 
TI 6 194.3733 182.6584 37.727 269.0484 72.0844 35.1236 276.9023 47.926 36.9298 
  
196.981 186.8074 40.2895 270.7114 69.6563 37.0784 279.7353 47.0434 37.5564 
  
199.3362 189.5043 40.775 271.9953 68.5587 36.8868 281.0528 46.2447 38.1835 
  
201.8431 194.0334 41.8946 273.4443 66.3077 38.5373 283.427 46.0676 38.5434 
I 6 204.8639 198.007 41.9607 274.7153 64.0682 39.882 284.7938 45.6511 37.93 
  
212.5271 218.8617 45.2037 276.4402 61.7392 41.947 288.2007 45.714 38.4326 
  
221.0647 237.789 48.5421 278.3951 59.2998 41.8042 291.3575 45.3526 37.7117 
  
228.475 254.1018 46.1211 280.2289 57.0154 40.2278 296.7462 43.9061 33.0207 
MI 6 231.9595 268.5538 34.8359 280.4525 55.7458 33.1847 307.4223 40.0706 29.605 
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7.4.5 Specimen “5” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 330.832 67.0085 49.5679 309.8804 40.1917 53.4771 320.6656 88.2674 50.2905 
  
337.4759 66.5768 50.9346 314.7414 35.3817 55.7862 322.3098 87.5241 51.1685 
  
343.2442 65.8233 50.3722 318.5305 31.5534 55.3022 322.4035 87.1339 50.9886 
  
346.085 65.5736 48.9092 321.2869 27.8824 53.473 323.1495 86.4439 50.9642 
I 1 348.1493 65.4949 48.0186 324.7404 21.5356 48.3069 322.6164 86.0418 50.1849 
  
354.2933 67.3212 46.5939 328.7347 11.3223 45.9825 325.4393 84.9443 50.9485 
  
360.0314 69.935 43.6666 325.3422 3.054 33.4431 328.117 83.498 51.0492 
  
365.566 71.2413 39.6082 318.47 -3.1953 18.608 330.9077 80.3839 49.3901 
MI 1 370.9551 72.2285 35.9136 314.1169 -3.9893 12.102 337.6339 80.1423 48.3678 
TI 2 323.9252 59.2322 47.8128 303.5383 31.5423 52.7093 315.1259 77.6807 48.5342 
  
330.4012 59.2668 48.3932 307.2132 24.0519 53.9616 315.8286 77.1196 48.7732 
  
336.5372 61.2292 49.1311 309.1514 18.8495 53.4383 317.6613 76.1318 48.9836 
  
341.6287 62.0723 48.6687 311.0751 15.3827 52.0336 318.8889 75.383 49.1316 
I 2 345.1258 62.6205 48.2715 312.9428 12.1582 49.992 319.951 74.6753 48.9961 
  
351.5674 63.796 46.5772 315.8054 3.1745 49.5043 325.4415 72.4619 49.3135 
  
358.6448 66.584 43.4445 315.9227 -4.8768 43.0472 330.3391 70.0129 47.9883 
  
363.4867 68.1937 38.9842 313.0357 -8.6918 31.7697 333.6163 68.5169 46.7905 
MI 2 365.8331 69.0048 36.6467 307.8553 -11.9338 14.1929 342.0761 67.0874 41.6021 
TI 3 316.3976 49.549 48.3013 290.6409 16.3716 51.6007 310.8492 70.3125 47.6832 
  
324.5494 50.3976 49.1503 293.6274 11.0931 53.0713 313.2247 68.2691 47.884 
  
328.1169 50.0983 49.3517 294.4132 7.4462 53.0066 314.7296 67.2037 47.7637 
  
330.2516 50.4683 48.7309 296.1724 3.466 53.0183 316.2954 66.5508 47.764 
I 3 332.8467 50.1166 48.2836 298.2174 1.2892 52.1232 318.3006 66.0078 48.3361 
  
342.9273 52.6086 46.5096 300.0226 -5.946 50.6767 325.813 64.59 48.9776 
  
349.3428 55.9076 44.4675 301.0608 -12.2241 45.3567 329.8328 62.9058 46.586 
  
354.0211 57.8188 42.0305 301.139 -12.0738 37.2739 333.9401 61.8356 45.8679 
MI 3 356.8092 58.6986 40.4256 296.7334 -12.9917 24.8038 341.6111 61.3812 42.0806 
TI 4 308.2495 39.7277 48.1229 282.5273 5.2934 47.9807 301.9793 59.8088 47.919 
  
313.5072 39.4864 48.3674 284.0523 1.859 50.526 304.2333 58.831 48.1606 
  
317.5729 39.4661 47.4865 285.6151 -0.7175 50.2785 306.5566 57.2586 48.0695 
  
321.0111 39.9249 48.0601 287.9151 -2.4529 50.688 308.1824 56.8626 47.4368 
I 4 323.6979 39.3008 47.5588 290.1164 -4.4784 49.7409 309.7961 55.6335 48.1403 
  
339.2965 45.9707 45.4085 291.9564 -9.9041 48.547 315.3397 53.4486 47.786 
  
351.8347 52.5545 41.6837 293.1131 -13.419 46.5623 319.9052 51.4405 46.6019 
  
357.4099 55.9994 36.9203 292.6011 -15.3817 37.2428 334.0706 47.6289 40.666 
MI 4 363.0211 58.7183 32.6231 290.7258 -17.9413 23.9218 337.0027 53.637 16.9364 
TI 5 297.8796 30.6087 47.1822 276.5638 -1.4038 49.9875 290.0349 52.6848 46.8881 
  
304.5757 30.625 47.5366 278.4637 -3.71 50.6487 291.3391 52.377 48.0662 
  
311.0727 32.2436 47.7372 279.9355 -6.0863 50.2446 291.9273 51.2028 47.6875 
  
314.9166 33.5966 47.649 281.397 -7.3944 50.208 294.323 49.1573 45.4705 
I 5 317.4191 34.3843 47.1994 282.5149 -9.7053 49.3687 296.3503 47.7527 44.3921 
  
330.8683 39.7482 46.0947 285.4788 -12.5963 48.9934 299.6204 45.1388 45.9887 
  
340.8351 45.2979 44.0926 287.4005 -15.3151 45.6179 302.2185 42.3247 45.7796 
  
350.2738 49.3694 41.4059 287.2398 -17.548 39.9653 305.8333 38.9044 46.2589 
MI 5 360.7357 57.6338 33.5069 286.2213 -19.5133 32.426 310.0903 32.7739 25.6788 
TI 6 292.9417 26.2308 48.6356 265.6103 -13.32 51.0942 275.9441 43.9139 45.4883 
  
291.2218 27.5465 46.6363 268.4272 -16.515 51.2423 278.4566 41.8306 46.7991 
  
298.3825 26.9867 46.9045 269.3583 -17.388 50.5959 279.8147 39.9175 46.3949 
  
301.5791 27.4031 45.2044 270.0152 -18.9937 50.6508 281.0188 39.1266 45.724 
I 6 304.09 27.1066 45.4158 273.9143 -19.9116 49.2799 281.9468 38.646 45.9101 
  
321.4146 31.9083 46.8065 277.1476 -23.2243 46.4726 283.2755 36.3628 45.5834 
  
339.091 42.2671 44.1474 278.7065 -27.8436 39.1067 285.768 34.128 44.2678 
  
350.7005 46.5626 40.2277 278.7018 -29.8886 36.5756 287.8354 31.4891 41.6006 
MI 6 365.2966 59.5899 26.9681 279.2479 -30.9586 34.7239 300.0889 19.7495 30.7473 
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7.4.6 Specimen “6” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 -118.6734 331.0173 41.3458 126.2543 -317.5381 32.9146 286.4482 -130.522 43.7153 
  
-122.5828 329.678 41.915 131.3077 -313.8053 35.7817 284.9577 -124.8569 42.8972 
  
-128.0557 324.9591 44.0979 135.7819 -311.3627 36.0183 281.9988 -119.5573 41.156 
  
-128.23 323.7116 43.4655 137.6708 -308.3158 33.0284 281.136 -116.2676 40.574 
I 1 -129.7902 322.1821 44.3592 140.1264 -305.1192 31.1039 281.2013 -113.1276 39.3036 
  
-135.7193 316.0421 39.8054 145.1905 -300.7344 29.1388 278.1229 -101.6488 37.4545 
  
-138.4757 307.93 39.0703 150.2525 -298.2662 24.9763 276.8529 -99.7936 29.029 
  
-140.3078 302.3453 37.8357 150.7146 -296.3204 9.2179 273.9589 -101.2507 21.2273 
MI 1 -140.1351 295.1293 36.477 138.6742 -299.2641 0.7726 273.5775 -109.5099 10.6977 
TI 2 -119.533 341.0815 42.1 127.0719 -321.4034 33.202 292.5986 -134.2583 39.9434 
  
-122.9597 339.147 44.3792 132.5176 -316.7486 35.3414 291.6972 -130.2571 41.3729 
  
-125.4627 336.9698 43.5268 136.8914 -314.9962 35.2391 289.3559 -122.8621 41.9666 
  
-127.3874 334.6922 43.1932 139.4407 -313.7847 33.6905 287.9693 -120.0277 40.8336 
I 2 -130.1827 331.8837 42.0858 142.8986 -313.1779 30.5902 287.4804 -116.6201 38.5941 
  
-132.3559 326.9748 40.215 149.5223 -311.4305 29.9616 284.3365 -103.9787 36.7947 
  
-137.0924 318.6703 37.607 157.6329 -311.6122 23.6983 280.9598 -100.3579 26.6553 
  
-141.8251 308.3738 34.9201 158.6253 -314.3466 12.5096 276.5213 -101.5435 16.6106 
MI 2 -140.0721 297.0316 30.7364 148.9669 -316.3951 4.0775 274.5383 -109.467 9.8254 
TI 3 -120.6594 344.0945 43.3931 138.6847 -328.6288 37.5896 301.3922 -136.625 39.0512 
  
-124.9026 341.0613 44.1546 142.6335 -327.5706 37.6229 301.7843 -132.847 40.4849 
  
-126.6518 339.1064 43.857 144.4845 -327.1039 37.107 299.9205 -125.6891 41.2774 
  
-128.7004 336.5078 43.2624 146.1838 -325.5554 36.3517 298.9844 -121.035 39.7454 
I 3 -131.5343 334.8192 42.3543 154.4821 -326.0288 34.5256 297.8969 -115.9511 38.7861 
  
-135.7334 328.5723 39.1195 160.1846 -325.8041 31.8185 294.152 -108.2392 38.2529 
  
-138.0895 323.9012 38.1296 161.4247 -327.6043 21.0066 291.5886 -101.9362 28.8213 
  
-140.6644 318.9713 37.406 160.1027 -330.2024 12.0969 288.9241 -104.1739 17.717 
MI 3 -144.1126 294.0549 27.8407 160.4573 -330.2177 12.0507 284.8533 -112.6561 9.5212 
TI 4 -119.7616 351.8891 43.7072 141.9564 -339.0735 37.1604 311.9298 -141.5779 40.715 
  
-123.4602 348.1747 45.1609 146.0745 -337.5023 37.5951 311.2539 -136.054 40.2483 
  
-125.2865 345.5695 44.7891 148.0727 -336.7225 37.1878 309.6879 -127.6173 41.7028 
  
-127.2243 343.9058 44.9997 149.9487 -336.1659 36.9612 308.9105 -122.1688 41.491 
I 4 -130.2576 341.441 44.424 152.2766 -335.0839 35.4392 308.977 -119.3914 41.1069 
  
-134.0264 333.6461 39.6619 159.0097 -334.6756 34.0716 309.9117 -110.8793 34.885 
  
-138.0621 322.0599 36.8566 163.802 -334.5256 31.1625 304.9341 -109.3568 28.8254 
  
-140.9861 309.427 35.7101 165.9009 -334.4973 26.0171 299.1734 -108.6889 17.1651 
MI 4 -143.2062 296.1222 31.9098 171.9586 -335.156 23.9112 295.3958 -116.8224 8.5547 
TI 5 -122.9056 353.303 44.7488 146.7695 -346.55 37.4457 321.329 -148.4427 39.3535 
  
-125.5129 350.8215 44.9468 150.0682 -345.2625 37.3866 321.2452 -142.1767 41.2768 
  
-127.8261 347.9827 45.0319 151.8584 -344.6043 37.7268 321.8315 -138.4575 41.2022 
  
-130.2865 344.7208 44.4708 153.1505 -343.9729 37.0726 322.9186 -135.4149 41.8702 
I 5 -132.0961 343.621 43.9791 154.3198 -343.4444 36.9865 323.1255 -133.2561 39.5674 
  
-135.1215 337.2217 41.4548 157.7981 -342.4898 36.3303 325.0767 -128.0863 35.529 
  
-136.4632 330.4884 40.1438 162.797 -340.6264 33.5779 323.7663 -126.5711 36.2865 
  
-142.7983 312.3518 36.3218 164.9498 -339.4101 27.1791 319.2259 -125.6045 27.5225 
MI 5 -141.0862 296.9291 27.6597 159.0754 -340.1582 15.7561 321.1109 -125.2618 19.7408 
TI 6 -123.9776 368.2277 43.8147 147.665 -353.9478 36.6794 333.5498 -157.4087 40.6585 
  
-126.9744 365.5917 45.2021 150.201 -352.3194 36.1706 334.6222 -151.9641 42.2055 
  
-129.7866 363.6107 45.0158 152.3429 -351.2581 36.6407 335.3479 -143.9951 43.1428 
  
-131.0227 361.8805 45.1425 153.6372 -350.7445 36.6499 335.3474 -139.9632 43.1107 
I 6 -132.3692 360.4396 44.1625 155.4641 -349.9651 36.183 335.5849 -137.0299 42.2509 
  
-134.4534 354.795 44.4244 156.9273 -350.2434 35.8919 337.8767 -138.6739 40.3537 
  
-136.1959 340.3018 40.6759 159.9995 -349.4619 33.8023 337.073 -139.4609 38.1725 
  
-137.3405 329.1783 38.2147 161.4082 -349.4561 30.9167 339.1143 -140.7041 33.1018 
MI 6 -140.967 297.5054 33.8659 157.7112 -352.5487 19.3385 339.3435 -142.6887 27.7831 
  
61 
 
7.4.7 Specimen “7” 
  EO IO TrA 
  X Y Z X Y Z X Y Z 
TI 1 107.9877 -241.664 42.5919 307.388 -27.3753 42.0685 188.4474 -38.4447 63.7115 
  
112.2694 -238.9095 44.7707 307.1145 -27.0004 50.0041 191.748 -38.9068 63.8159 
  
116.1986 -233.5873 46.018 302.4464 -26.6889 56.8641 194.6946 -38.904 63.0565 
  
118.3839 -231.2037 46.1243 298.6158 -26.5564 58.7896 198.1661 -38.6779 62.2399 
I 1 119.5179 -228.8267 46.0269 288.6478 -27.1021 63.4401 200.1657 -38.2747 59.1876 
  
124.0855 -218.3827 44.3905 274.6726 -26.1371 61.4371 203.5539 -37.3321 56.177 
  
126.9626 -209.613 42.2574 255.4968 -24.0972 57.4146 203.6175 -37.2259 56.3101 
  
127.3366 -199.8422 39.3655 242.447 -22.0557 46.5107 206.3274 -35.3826 56.6528 
MI 1 113.494 -180.1148 31.6632 238.5436 -25.4225 36.4454 214.2858 -31.7443 49.275 
TI 2 108.514 -251.5578 42.3291 312.2966 -36.7478 38.6992 186.083 -60.7279 51.2783 
  
111.4234 -247.4735 43.9428 311.9927 -36.5491 49.6811 194.3413 -60.948 51.2736 
  
113.021 -244.4231 43.6488 304.7705 -39.7896 53.6137 196.9523 -61.2839 49.9702 
  
115.3748 -241.1167 44.4522 299.6938 -37.5619 57.2433 200.5467 -59.4263 47.3542 
I 2 119.0267 -234.925 44.6255 290.6779 -38.8029 57.2767 200.5659 -58.1415 47.16 
  
123.0582 -227.172 44.0266 283.6446 -41.4354 55.9808 207.9186 -55.2949 44.8934 
  
125.5685 -217.9653 42.3952 280.7841 -40.2524 51.9341 211.7538 -48.1581 45.6764 
  
126.6062 -197.2224 35.099 264.8765 -43.0327 50.3614 218.3482 -46.9678 43.3149 
MI 2 119.1361 -190.0889 22.3431 258.3625 -46.8117 32.1964 223.6826 -33.5619 31.0283 
TI 3 109.5469 -259.6613 42.6092 316.9676 -37.6812 33.0049 186.4462 -73.7668 47.0613 
  
112.0343 -255.6217 43.1383 319.338 -38.0995 45.3527 198.0879 -73.0734 49.6038 
  
114.7755 -252.4355 43.1964 315.8636 -39.9564 53.2727 200.2828 -73.377 47.3934 
  
116.3495 -249.1645 42.5623 309.1596 -45.2002 52.5902 208.4553 -72.543 40.652 
I 3 118.6752 -246.0319 42.6961 301.917 -47.5673 51.942 216.4079 -72.4867 34.2019 
  
123.7797 -233.6794 41.1518 295.1537 -52.4095 53.0268 219.6825 -72.0256 30.7389 
  
128.2054 -223.5002 38.7222 288.0172 -54.3451 50.0862 223.9159 -71.2664 25.0588 
  
130.9795 -206.0305 34.4338 280.5163 -56.2335 44.7119 226.1582 -71.4913 18.1731 
MI 3 122.5619 -191.9984 20.971 269.4603 -60.8842 34.1764 214.291 -64.1187 3.9248 
TI 4 112.2826 -262.2163 41.5732 319.0881 -34.7492 29.8203 180.4812 -90.6327 42.2736 
  
113.3263 -260.1343 41.235 322.3338 -35.7873 38.7691 189.2618 -91.0128 39.4899 
  
114.6748 -258.6042 40.7728 318.6754 -37.6105 48.099 199.6447 -92.7138 32.3997 
  
116.6147 -257.1912 40.1706 308.9296 -46.1363 48.9135 210.1921 -93.614 28.6472 
I 4 117.6404 -255.0905 39.4001 303.6773 -49.6058 50.0004 215.7864 -93.5278 25.0304 
  
126.0173 -246.3654 32.537 294.2969 -55.0949 48.2392 217.465 -93.5628 20.0274 
  
133.9508 -222.1063 31.7145 285.9542 -62.0388 43.1356 216.9572 -92.1926 11.4978 
  
130.8687 -201.6067 26.087 278.5229 -66.8865 38.0283 215.3753 -96.2895 8.2136 
MI 4 123.3394 -193.2997 19.1521 277.8098 -70.3018 29.5507 208.1355 -97.861 3.0003 
TI 5 112.0425 -275.2193 41.5147 328.0934 -46.5184 25.3272 172.4169 -112.2772 40.5388 
  
114.903 -273.9667 41.2451 330.6487 -45.6218 35.9666 177.5485 -112.9276 40.1851 
  
116.7719 -271.8136 40.1877 329.2511 -50.6333 43.922 179.4227 -113.7082 40.2371 
  
118.1088 -270.5356 40.2015 324.8796 -53.1675 45.6728 182.8272 -114.4514 36.8173 
I 5 119.4185 -269.4541 39.2251 313.588 -56.4975 46.5145 191.553 -115.3147 35.3252 
  
124.162 -257.3783 33.262 306.5406 -61.4162 43.5922 195.7607 -115.7561 34.0685 
  
131.7609 -233.9881 28.6225 299.2811 -65.8011 43.8767 202.1416 -116.3177 29.9311 
  
135.3434 -209.6844 25.9074 293.6097 -70.6731 41.6891 205.265 -114.9712 22.1598 
MI 5 125.5764 -194.838 16.2097 288.8965 -75.3964 33.4888 202.7491 -113.7597 20.2688 
TI 6 113.7561 -279.6697 40.291 331.0313 -51.732 22.2743 169.709 -128.4003 37.4146 
  
116.2977 -279.4446 40.432 331.998 -54.9193 34.7231 173.6774 -129.3689 37.7511 
  
117.8464 -278.9511 40.0057 329.0042 -58.5755 41.6432 176.9092 -129.0444 37.5719 
  
119.497 -278.1638 39.4005 324.2671 -61.9885 42.2143 179.3512 -128.6829 37.4153 
I 6 121.2138 -277.5194 38.7424 320.0798 -65.1382 41.6685 183.6813 -128.4848 38.534 
  
135.1379 -271.4259 35.5429 313.2424 -69.813 44.1636 189.191 -129.3194 35.6157 
  
142.9449 -260.4313 21.0557 306.7286 -72.294 43.7465 192.6621 -131.0119 29.6757 
  
146.9994 -228.6134 13.0234 296.3192 -76.2285 40.5998 189.0223 -128.4084 24.1381 
MI 6 124.7311 -205.0058 2.8307 291.2657 -77.3997 36.8455 190.1351 -126.9544 20.5974 
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